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1. INTRODUCTION 


Spurry is, as a second crop, still a more important plant on the lighter soils of the 
Netherlands than is generally accepted. Approx. 10,000 acres of spurry are grown 
annually, more specially in the south-east of the country on sandy soils. 

In order to fulfil the Dutch seed requirements of spurry, important quantities of 
seed are grown. Apart from its cultivation in the Netherlands, there is normally a 
greater demand for spurry seed for export than there is supply. 

Ás a consequence of the improved soil fertility of the sandy soils, spurry has lost 
its predominant position as a second crop (which it had at the end of the last century) 
to other forage plants requiring a higher soil fertility, and especially to autumn turnips. 
After 1900, the acreage of spurry has decreased rapidly, as can be seen from Figure 1: 
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The reasons why spurry as a second crop still retains some importance are, among 
other things: 
L. its short vegetation period, so that after a late main crop a second crop can still be 

grown, 
„ spurry does not require a high soil fertility and is usually grown without manuring, 
the seed is cheap and fails seldom, 
spurry has a favourable influence on the quality of milk and butter, 
spurry can be grazed easily at the present time with the help of electrical fencing. 
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One of the main objections to spurry is the scattering of its seeds owing to its early 
and irregular flowering, which causes spurry, once grown, easily to become a tena- 
cious though innoxious weed. For this reason a late and as even as possible flowering 
is a desirable characteristic with spurry. 

As a consequence of the decrease in importance, very little recent literature about 
spurry exists. Spurry occurs frequently in the literature of the last century, a period, 
however, in which little attention was paid to a deliberate breeding of cultivated plants. 
As no mention is made of spurry breeding in the literature and as the author does not 
know any breeding station in foreign countries, which has done breeding or genetical 
work on spurry, it might be of some interest to present some data, derived from the 
recent breeding work at the C.I.V. Plant Breeding Station. 


2. HISTORY 


Spurry (Spergula arvensis) is an annual plant of the family Caryophyllaceae. Its 
cultivation in Central Europe traces back to the Roman period. In Northern Europe 
its cultivation might even be older. Spurry can be cultivated in Europe between 48 ° 
and 58 °N latitude. As the crop requires a rather high atmospheric humidity, its main 
area of occurrence is the border region of the cooler moderate subarctic zone. As a 
wild plant spurry occurs throughout Europe, in North Africa, Northern and Western 
Asia and Central America. Its natural occurrence on sandy soils at high elevations on 
Java and recently under the same conditions in Kenya might result from the intro- 
duction of the cultivated form. 

The centre of origin of spurry is uncertain, though it might probably be Europe. 


3. VARIETIES 
Spergula arvensis is divided into three varieties, a wild one and two cultivated forms: 


L. Sp. arvensis vulgaris wild spurry, 
2. Sp. arvensis sativa field spurry, 
3. Sp. arvensis maxima giant spurry 


Sp. arvensis vulgaris is the original source of the two cultivated forms. It is a tena- 
cious and very common weed of sandy soils and is very tolerant of a low pH. Gener- 
ally it is considered as an indication of acid soils. 

Wild spurry reaches a length of 10-30 cm. In the past it occurred abundantly in 
buckwheat and was grazed sometimes by sheep. Sometimes a mixture of cultivated 
spurry and wild spurry was sown in order to make the mixture more resistant to 
early frosts. 

Of the two cultivated forms, Sp. arvensis sativa is grown on the larger scale. The 
length is between 25 and 40 cm. The seeds are larger and the foliage more abundant 
than those of the wild form. In 6-8 weeks it reaches its flowering stage, while from 
sowing to maturity only 12 weeks are required. Both the cultivated and wild form 
have a strong tendency to seed scattering which is one of the main disadvantages of 
the cultivation of spurry. 
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Sp. arvensis maxima is, as expressed by its name, a tall form. It has a more vigorous 
but much slower growth and sometimes reaches a length of 60 cm. This spurry has a 
coarser stem and is less rich in foliage. Its standability is better and its ultimate yield 
higher. As, however, the dry matter content is lower, giant spurry does not give a 
higher yield of dry matter than field spurry. The crude protein content of the dry 
matter is somewhat higher for giant spurry than for field spurry. 

Giant spurry has higher soil requirements than field spurry and does not start 
flowering until field spurry has mature seeds. In spite of its lower dry matter content, 
giant spurry has a better tolerance of early frosts, probably owing to its coarser stems. 

Giant spurry originated in the Baltic region; from there it came to Holland as a 
weed in flax seed. The name “Flachsspörgel” (— flaxspurry) is connected with this 
origin. In Holland the first mention of giant spurry as a weed in flax is made by VAN 
HALL in 1829. 

In comparing giant spurry and field spurry, the former resembles to a certain extent 
a tetraploid form of field spurry by its giant form, slower growth, later flowering and 
larger seeds. It was found at the C.I.V. Station (J. SYBENGA), however, that the chro- 
mosome-number of both forms was 2 n — 18. Giant spurry therefore cannot be con- 
sidered as a tetraploid form and is only a taller growing variety, selected by nature to 
fit with the length and growing period of the flax plant. 


4. POLLINATION 


Spurry is predominantly a self-pollinating plant, though cross pollination occurs 
regularly. The flowers remain open only for a short period, and when the weather is 
bad, they remain closed altogether. When the weather is favourable, the flowers open 
at 10-11 a.m. and close at 3-4 p.m. At the bases of the anthers, nectar is excreted by 
the flower, which causes a spurry crop in flower to extend a typical sickly smell. The 
anthers are curved backwards to such an extend that the insects, in their attempt to 
reach the nectar, touch the anthers with one side of their body, and the stigma with 
the other side, so that cross pollination can occur. 


5. BREEDING 


As giant spurry, notwithstanding its promising name, gives only a moderate yield 
and covers a minor percentage of the spurry area, at the C.1.V. Plant Breeding Station 
attention has been paid more specially to field spurry. 

The breeding work of spurry was started at the Experimental Farm Hoosterhof at 
Beesel and has been continued at Ottersum since 1948. As a start, a number of spurry 
varieties of local origin were collected and screened. By line selection and recurrent 
line selection from the better sources, a number of strains were obtained, which 
showed variation in a number of characteristics. Variations of practical interest have 
been found in: 

. standability, 

„ colour of the plant, 
„ disease resistance, 

. yield. 


L. time of flowering, 
2. leafiness, 

3. branching, 

4. growth rate, 
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Time of flowering: Great differences occur in spurry with respect to the time the 
selected strains start flowering. Late flowering is desirable in order to prevent seed 
scattering, which causes spurry to become a weed in subsequent years. Moreover, the 
later flowering strains are usually more leafy and show a more vegetative develop- 
ment than the earlier flowering types which often have poor foliage. 

The variation in flowering and the other characteristics in spurry, which are corre- 
lated with this time of flowering, are comparable to the differences that are found 
between pasture and hay types in grasses. 

Leafiness is influenced by the number and size of the leaves. The needle-like leaves 
are succulent. Their length varies widely, from 1-7 cm, and also differences are found 
in the succulence of the leaves. The leaves form, together, with the side-branches which 
originate in the axils, apparent whorls. The number of leaves and consequently to a 
great extent the leafiness, is determined by the number of whorls and thus by the length 
of the stem internodes. As a consequence giant spurry with its long internodes is 
usually not very leafy, especially as spurry is naturally a plant with an unfavourable 
leaf-stem ratio. 

Strong branching is of importance in order to get a uniform dense crop. Further- 
more strong branching often correlates with a later flowering date, as the development 
of the flower in the main stem is retarded by the development of side-branches. Con- 
sequently a high forage yield, derived from good leafiness and strong branching can 
be combined without complication with late flowering. 

Standability is another desirable characteristic which can be combined with other 
good features with much more difficulty, as both leafiness and branching tend to 
diminish the standability. In such a case the stems are slimmer. The bred variety 
Civula, which appears in the List of Varieties of Field Crops since 1951, seems to have 
a good combination of a leafy, fine stem with a good standability. 

A rapid growth rate is of the utmost importance as the merit of spurry as a second 
crop is particularly its short growing period. The differences in this respect are great 
and form one of the characteristic differences between field spurry and giant spurry. 
Field spurry attains a good size within 6 weeks, while giant spurry in the same period 
reaches only somewhat more than half the length of field spurry. Ultimately, however, 
after four more weeks of vegetation, which normally are not available in the autumn 
owing to the short season and early frosts, giant spurry grows much taller and stronger 
than field spurry. 

The colour of the crop varies from light green and greyish green to brownish green 
in the different lines. The last colour is caused by the reddish-brown coloured flower 
stem. L. 6, a strain with a dark brownish tint, which has been selected at Ottersum 
from a local variety, excels in a rapid development, strong branching, very good 
leafiness and late flowering. These desirable features could make this strain an im- 
portant improvement of Civula, but its poor standability, however, makes it unattrac- 
tive for release as a variety. 

Disease resistance: As in the past only land races of spurry have been grown, dis- 
eases have never been of major importance. With the release of bred varieties, 
however, the danger of specific diseases has increased. It is apparent that the strains 
which have been selected from these land races vary considerably in disease resistance. 
Certain strains are so susceptible to certain pests that practically their entire yield is 
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lost in certain years. In the Netherlands the greatest damage is caused by downy 
mildew (Peronospora obovata). Light yellowish expanding spots develop on the leaves 
and stems, which are afterwards entirely covered by a grey mould. Susceptible lines, 
once attacked, give practically only half a yield while the crop at the same time 
lodges badly and runs to waste. 

Several of the younger and promising lines, which were already under small scale 
multiplication, had to be discarded, owing to their susceptibility to Peronospora obovata. 
Selection on downy mildew is complicated by the fact that this disease occurs in 
different years and different localities in quite different degrees. At Ottersum the years 
1950 and 1953 showed much damage from this disease. 

Besides downy mildew, several other minor diseases occur in spurry, such as 
Pythium de Baryanum, which causes certain small areas of the crop to die off, owing to 
attack of the roots. Another disease, Puccinia Spergulae, is a rust fungus. 

Especially with respect to disease resistance and the consequent reliability to the 
farmer, it might be better in the first years of spurry breeding not to build up a variety 
on one line although spurry is a self-pollinating plant. By mixing several good lines 
into one variety, it is not so likely to disappoint entirely in certain years of heavy 
infection. 

Yield: Selected strains of spurry show differences in yield of green and dry matter. 
In table 1 the comparative yields are given of a few varieties and selected lines. The 
percentages of crude protein and crude fibre are tabulated as well (in % of dry matter). 


TABLE Î. YIELD TRIAL, SOWN AUGUST Í STH, HARVESTED OCTOBER STH, 1953 


Forage yield Dry matter % Dry matter Crude protein Crude fibre 


kg/are of forage yield kg/are % of dry matter | of dry matter 
| | | 
Local variety. | 237.6 11.8 | 26.8 | 13.5 21.3 
Give se 244,2 12.4 | 30.3 1325 20.7 
Lr GT 264.0 ID WS | 31.0 | (2d 19.6 
GNOME 217.8 | 10.9 DS 14.1 18.3 
CARMEN ee 231.0 | 11.3 | 26.2 (252) | WE 


It is apparent that differences as found in the above table are sufficiently wide for 
practical breeding work. In fact even greater differences are found, but normally all 
poor lines are eliminated in an early stage. 


Since 1951, Civula spurry, bred by the C.I.V. Plant Breeding Station, appears on 
the List of Varieties as the only bred variety of this erop. Some lines of spurry have 
been selected by two other breeders in the Netherlands, viz. P. Poers at Swolgen and 
RoBERTUS at Winschoten. These strains all belong to the giant spurry type and are 
not available commercially. 

Civula is described in the official List 1955 as follows: “Fine-stemmed spurry, 
which starts flowering somewhat later than the land race, normally gives a higher 
yield of dry matter and protein. The dry matter content is somewhat lower. It has 
better standability and is somewhat leafier, so that the soil is covered earlier” 

In order to give an impression of Civula, some data are tabulated here (Table 2), 
which were obtained in 1950 (as a second crop). 
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TABLE 2. SOME DATA ON YIELD, DRY MATTER AND CRUDE PROTEIN IN SPURRY 


Forage yield Yield of dry | Crude protein | Crude protein Dry matter % 
kg/are matter kg/are % kg/are % of dry matter 
| 
Cullen 256 28.2 385 | 12.4 11.0 
Local variety. 209 26.2 32 | 11.9 12.8 


Spurry as a second crop still has practical importance, which is proved by the 
acreage grown for seed production. Sixty acres of Civula are grown for seed annually. 

Recently several of the newer selections have outyielded Civula and have shown 
special merits in other respects. They are being propagated and will become available 
in due time. 


SUMMARY 


Spurry is still of importance as a second erop on the south-eastern sandy soils of the 
Netherlands. Little attention has been paid in the past to the improvement of this 
ancient crop by plant breeding. Besides wild spurry, two cultivated forms exist, viz. 
field spurry and giant spurry. Giant spurry is a taller and slower growing form. 

Spurry is predominantly a self pollinating plant. At the C.I.V. Plant Breeding 
Station, Ottersum, attention has been paid more especially to the improvement of 
field spurry. An important feature for spurry is a uniform flowering, as it prevents seed 
scattering, which causes spurry to become a weed in subsequent years. Leafiness, 
strong branching and a rapid growth rate contribute to a high yield. Disease resistance 
is of importance, as after the replacement of land races by bred varieties several 
diseases may occur more frequently. It appears that bred varieties outyield the land 
race both in green matter and in content of the various nutrients. 


SAMENVATTING 


Enige aspecten bij de veredeling van spurrie (Spergula arvensis) 


Spurrie heeft nog betekenis als stoppelgewas op de zandgronden in het Zuid-Oosten 
van Nederland. In het verleden is er weinig aandacht besteed aan de veredeling van 
dit zeer oude gewas. Behalve wilde spurrie komen twee gecultiveerde vormen voor, nl. 
gewone spurrie en reuzenspurrie. Deze laatste is een forsere en langzamer groeiende 
vorm. 

Spurrie is hoofdzakelijk een zelf bestuivend gewas. Op het Kweekbedrijf C.I.V. te 
Ottersum is in de laatste jaren vooral aandacht besteed aan de veredeling van gewone 
spurrie. 

Belangrijk voor de veredeling is een gelijkmatige bloei, zulks om zaadverlies en 
latere opslag als onkruid te voorkomen. Bladrijkheid, een sterke vertakking en een 
snelle groei dragen bij tot een goede opbrengst. Ziekteresistentie is belangrijk, omdat 
bij de vervanging van landrassen door gekweekte rassen verschillende ziekten in 
ernstige mate op kunnen treden. 

Het blijkt, dat gekweekte rassen, zowel in groene massa opbrengst als in opbrengst 
aan de verschillende waardebepalende bestanddelen, boven het landras uitkomen. 
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Director, Institute of Horticultural Plant Breeding, Wageningen 
Received 31 Dec. 1954 


INTRODUCTION 


As long as man has cultivated the earth he has retained the good plants and dis- 
carded the bad ones. The varieties we use in agriculture and horticulture are the results 
of centuries-old selection dating back to the remotest ages. This work has made ex- 
tremely slow progress. In fact one could but wait and see what Nature happened to 
create, for hardly anything was known yet about the processes affecting plant life. Not 
until comparatively recent times, when biology was fully developed, did this, in prin- 
ciple, change. It is true that our knowledge is still far from complete, but we know in 
what direction we should try to extend that knowledge in order to be able to guide 
the natural processes in plants in such a way that our ends may be achieved. In this 
respect we are still on the threshold of a new era full of hopeful possibilities. 

The modern science of plant breeding is in the first place based on genetics and 
cytology, but other scientific fields, too, will more and more supply indispensable links 
in plant breeding techniques. Certain branches of mathematics, physics, chemistry 
and physiology will be useful in giving plant breeding, which genetics has already 
helped forward so much, new and undreamed-of prospects. 


GENERAL PLANNING 


All this has also been the guiding principle in designing the new laboratories of the 
Institute of Horticultural Plant Breeding at Wageningen, in the Netherlands, officially 
inaugurated on October 29, 1954, 

Two contradictory objectives had to be combined. The first question was how to 
be continually in touch with practical experience and how to enlist the active co- 
operation of the possessors of this experience, the various kinds of professional men. 

The second question was how to make the fullest use of modern science. 

With a view to solving this problem the research workers have been drawn up in 
two battle arrays as it were. A number of erop specialists are lined up on the first front. 
On the second front we find the specialists in mathematical, chemical, cytological, phys- 
iological, and taxonomic research. 

The crop specialists are horticulturists especially trained in variety research and 
plant breeding. Each of them is in charge of a group of crops of which he has to know 
all the theoretical and practical particulars and perspectives. He keeps in touch with 
the professional men. He organizes so-called “commercial trials’, which are variety 
trials carried out in different growing centres and judged by juries of professional 
people (growers, seed producers or nurserymen, merchants, processors, etc.) and 
scientifically trained experts. He has to find out what problems are of vital impor- 
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sance. For their solution he conducts field trials and breeding work, or when neces- 
sary or useful, he calls in the help of the second front research workers. 

In this way team-work develops between crop specialist and mathematician, between 
crop specialist, chemist and mathematician, between physiologist and mathematician, 
or any other combination of two or more research workers. 

The mathematician has a “computing section” at his disposal with a number of 
capable computers, who make use of modern calculating machines. 

The chemist has a chemical laboratory employing a number of analysts. 

The physiologists have a phytotron at their disposal in which plants can be grown 
under controlled conditions of light intensity and day length, of night and day tem- 
perature, and of humidity. Specialists in sexual en asexual propagation work in the 
same building. The specialist in asexual propagation also has nursery apparatus and 
trial grounds. The cytologist is a more discreet individual. All he needs is a table, 
tome chemicals and a few microscopes. 

It is unnecessary to mention every detail. It may suffice to say that is has been 
endeavoured to give every specialist the tools he needs most. By making use of the 
two factors: practical experience and modern science, it is possible both to aim 
research in a practical direction and to imbue it with a strongly penetrative power. 


Fi. 1. MAIN BUILDING OF THE INSTITUTE OF HORTICULTURAL PLANT BREEDING 


All this work is being done at an experimental garden covering 15 ha at the S. L 
Mansholtlaan, Wageningen, and at a breeding establishment covering 40 ha at Elst 
(O.B.). The main building with laboratories, phytotron and isolation cages have been 
set up among the trial fields at Wageningen. The breeding establishment at Elst 
houses an experimental farm and a number of aphidproof isolation cages. Here a 
small field laboratory is still under construction. The staff of the Institute consists of 
16 scientific officers, some dozens of technicians, furthermore of garden and clerical 
staff, totalling about 150 people. 
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VARIETY TRIALS 


Since 1936 the Institute has been acquiring experience with variety trials of horticul- 
tural plants. At first the main object in the trial design was to work out statistically 
and to test mathematically any differences that could be detected. As the years went 
by, however, it became evident that this was insufficient. In the value of horticultura\ 
produce several irrational viewpoints (certain preferences for colours, shapes or tastes 
which are in themselves immaterial) interact with concrete properties which can be 
directly expressed in figures. 

Also thanks to the nature of horticulture, growers can exert a much greater and 
more diversified influence on environment than is possible in agriculture. The conse- 
quence of this situation is that the evaluation of varieties of horticultural crops is 
made more difficult by the necessity to ask oneself how a given variety should be 
treated in order to obtain the best results. Those horticultural varieties which, under 
a wide range of growing conditions, have averaged e.g. the highest yield, the earliest 
harvests, are mostly too coarse or of too poor a quality, or in some other respect unfit 
for definite horticultural purposes. 

The methodology of varietal research has, therefore, developed into the following 
three phases: 


a. Judgment by eye of simply designed commercial trials in different growing centres 
by juries of various professional and scientific experts. The varieties and selections to 
be inspected are indicated by number only. 


b. Physiological investigations of interactions between varieties and growing con- 
ditions. A distinction can be made between simple field-physiological and sharply 
aimed laboratory-physiological research, but both kinds of investigations are based 
on the same principles. 


c. Statistical analysis of trial results. This method is no longer the principal one, 
but as we now aim at analysing only the more sharply defined characters of the plant, 
the method is becoming more effective. So it remains indispensable. 


As it is impossible to investigate all the vegetable crops every year, commercial 
trials with the most important crops of this section are carried out every six years. 
With fruit crops the procedure is as follows. During the first two years the varieties are 
grown in the nursery beds of the Institute. At this stage special attention is paid to 
healthy growth and disease resistance. Those varieties which pass the preliminary 
examination are transferred to selection field A, where they are kept for 10 years at 
most. Worthless material is discarded. Promising varieties are propagated and distrib- 
uted for further trial among a number of fruit growers throughout the country, and 
on selection field B. For strawberries about the same procedure as with vegetables is 
followed. 5 

Physiological and statistical research on varieties partly coincides with the commer- 
cial trials (in as far as specific tests have already been developed); partly it is of a more 


incidental nature. 
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MATHEMATICAL SECTION 


This department is consulted on the design of all kinds of experiments and on the 
formulation of conclusions. It carries out all computations. In addition much work 
is done to improve methods or to adopt them to special purposes. Thus, after inten- 
sive studies Mr M. Keurs, mathematician, came to the conclusion that the frequent 
use of the t-test in connection with an analysis of variance is inadequate. He proposed 
a more suitable test (‘range test’) at the 3rd International Biometrie Congress. This 
test is now being more widely used. 


Fig. 2. COMPUTING SECTION AT WORK 


PHYTOCHEMICAL SECTION 


This section carries out many determinations on medicinal and aromatic herbs, as 
well as carotene determinations on carrots, anthocyan determinations on strawberries, 
red cabbage and garden beets, vitamin C determinations on apples etc. Mr J. W. DE 
BRUYN, phytochemist, specializes in the development of rapid methods for testing 
large quantities of plants for breeding purposes. 


PHYSIOLOGICAL SECTION 
The activities of this section cover the following fields: 


a. Interaction of plant development, temperature, light, and humidity of the air 
(L. SMEETS). 

b. Sexual propagation of plants (J. P. BRAAK and A. E. ZEILINGA). 

c. Asexual propagation of plants (J. FLOOR). 


However, these three fields frequently overlap. 

So far Mr SMEETS has studied the influence of temperature, day length and light 
intensity on cherry seedlings and strawberry plants. Together with Mr J. W. DE BRUYN 
and the present writer he started an investigation. of the influence of temperature on 
the development of carotene content in carrots. 
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Fio. 3. TRANSFERRING PLANTS ON TROLLEYS FROM GLASSHOUSES TO AIR-CONDITIONED ROOMS IN DAY- 
LENGTH EXPERIMENTS IN THE PHYSIOLOGICAL LABORATORY OF THE INSTITUTE 


Mr J.P. BRAAK and Mr KHo YAM On are studying the possibility of rendering 
plants self-compatible by means of temperature control. In co-operation with Mr 
À. E. ZEILINGA, Mr BRAAK is examining the possibilities of improving species crosses 
by the use of colchicine, growth-promoting substances and embryo culture. Mr 
BRAAK also developed an improved method for breeding and wintering flies used in 
the selfing or crossing of plants. In addition to flies, bees and bumble-bees are used for 
pollination purposes. Mr A. KRAAI evolved some very practical methods for using 
bees and bumble-bees not only in large isolation cages but, which proved more 
difficult, in small ones too. 

Since 1950 Mr A.E. ZeirLINGA has devoted himself to colchicine research. He 
developed a very rapid colouring method for squash preparations with a view to ob- 
taining a rapid cytological control of large numbers of colchicine-treated plants. 

Mr J. FLooR is studying the factors which govern the rooting of cuttings and layers, 
and the union of scion and rootstock. Much of this work is done in field trials but 
some of these problems can only be solved in his glasshouse or in frames. As regards 
general methodology, he now pays much attention to the factor moisture (use of 
plastics and of artificial mists). Together with Mr Smeets he will also study the in- 


fluence of the factor light. 
1 


O. BANGA 


Fi. 4 


CHEMICAL LABORATORY OF 
THE INSTITUTE 


TAXONOMIC SECTION 


Dr B. K. Boom studies taxonomic and nomenclature problems, mainly of orna- 
mentals. He writes books and articles, cooperates with nurserymen, makes collec- 
tions and tries to find new plants fit for cultivation. He also assists in collecting 
material for species crosses of vegetables and fruits. 

Mr E. T. NANNENGA and Mr J. A. LEEMANS study the characters of fruit varieties 
for identification purposes. This is especially necessary for stone fruits and berry- 
fruits, as otherwise one would not know what varieties one is experimenting with. Ex- 
perience has shown that in the past many mistakes were made in this respect. 

Mr W. E. G. DE BRUIN is in charge of plant introduction. He also checks all reports 
on new varieties before they are sent to the Board for the Plant Breeder’s Right in 
The Hague. 

The workers of this section carry out the investigations on the identity of new varie- 
ties, frequently in cooperation with crop specialists, sometimes with committees of 
nurserymen, as in the case of roses and other ornamentals. 


PHYTOPATHOLOGICAL SECTION 


Originally a department was being developed for research in this field. But since the 
Institute of Phytopathological Research installed a special division for research on 
plant disease resistance, we preferred to transfer most of this work to this Institute. 
We only kept one technician to assist the crop specialists in practising inoculation 
work as part of their selection schemes. 


BREEDING WORK 


Where private plant breeding companies can and are willing to do the actual 
breeding work we restrict ourselves as much as possible to the investigation of breeding 
problems. Where they can not or will not do so, it is our task to do the breeding work. 
But in order to be able to advise the private plant breeders in their practical difficulties, 
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we sometimes have to go the whole way of breeding a new variety as this is the only 
way of learning all the problems involved. As there is a good cooperation with the 
businessmen in this field, we may expect that any difficulty that might arise here, will 
find a reasonable solution. 

The testing of plants of newly bred populations in general comprises the same ele- 
ments as the testing of varieties mentioned above. | 

Difficulties in the field of selfing, crossing, propagation and periodicity control of 
the plants can be studied in the physiologic section. 

It is impossible to describe all the breeding projects under way. Therefore 1 will 
only mention the name of each of the crop specialists in alphabetical order and say 
a few words on some of their projects. 

Mr J. M. ANDEWEG bred some new scab-resistant cucumbers, which will be tested 
further, before releasing any of them. He also raised a new bean variety (‘Widusa’), 
which will be introduced in 1955. Furthermore he works on tomatoes and peas. 

Dr O. BANGA tries to breed a red Delphinium, radishes with better thrashable 
siliques, better transportable onions, carrots with a higher carotene content and 
monogerm red beets of improved quality. 

Mr J. BEKENDAM is studying the breeding situation of ornamentals in Holland; he 
also has a few projects of tobacco-improvement. 

Mr A. S. DE BRUYNE is breeding for higher disease resistance in apple, pear and 
plum varieties, and tries to improve their commercial value. 

Mr G. ELZENGA has a large programme of investigating and improving the culture 
of medicinal and flavouring herbs. He carries out breeding work in Angelica, Artemisia, 
Atropa, Digitalis, Lobelia, Rheum and Valeriana. 

Mr C. J. GERRITSEN aims at obtaining large-fruited cherries that are resistant 
to diseases and to cracking of the fruits. Together with many others, he organized 
the selection of the best walnuts from the seedlings which are to be found all over the 
country. The result is that a good variety, the so-called Bel-nut, is now being propa- 
gated by nurserymen. In a few years the young trees can be planted. 

Mr J. Huyskes succeeded Mr SNEEP in 1954 and took over his work. Important 
items on his working programme are the breeding of homozygous male asparagus 
plants, and of new lettuce varieties adopted to summer use or to short days in winter, 
with resistance to tip-burn and (or) to mosaic virus. 

Mr SNEEP did a lot of work in spinach, which will be published in the near future. 

Mr J. R. JENSMA specialises in cauliflower problems. He tries to breed cauliflower 
varieties with more resistance to drought and others that can be grown in rather cold, 
dark weather. He is also breeding for resistance to clubroot in cabbage. 

Miss H. G. KRONENBERG makes a lot of strawberry crosses, in order to get a new 
strawberry variety that is better suited for processing, deep freezing, and fresh use. In 
addition it has to be resistant to Verticillium. Some of her new seedlings are now on 
trial all over the country. She is also breeding new raspberry varieties resistant to 
Amphorophora rubi. 

Mr L. F.J. M. VAN DER VEN, our guest-associate, just started his new project of 
improving the whole culture and the variety material available of Mentha. 


O. BANGA 
SAMENVATTING 


Het Instituut voor de Veredeling van Tuinbouwgewassen 


Een overzicht wordt gegeven over de algemene opzet, de taakverdeling en de taak- 
bezetting van het L.V.T. Bij de organisatie van het werk wordt er naar gestreefd 
enerzijds de vinger op de pols van de practijk te houden en anderzijds zoveel mogelijk 
gebruik te maken van de moderne wetenschap. Vandaar enerzijds de practijkproeven 
en anderzijds scherp gespecialiseerde laboratoria en onderzoekapparatuur. 

Tenslotte wordt een overzicht gegeven van een serie kweekprojecten, welke juist 
voltooid of onderweg zijn. 
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A NOTE ON RESISTANCE OF SOLANUM-SPECIES 
TO POWDERY MILDEW 


C. MASTENBROEK 
Plant Breeding Station “Centraal Bureau”, Hoofddorp 
Received 24 Jan. 1955 


Recently, THIN (1) reported the occurrence of powdery mildew, Oidium solani, on 
potato foliage, both in the greenhouse and in the field. His review of the literature 
indicated that the disease is known in several countries. It is stated that the disease 
is a common phenomenon on potatoes in the greenhouse. An attack in the field in 
1950 is believed to be the first reported occurrence in the Netherlands. However, the 
present writer observed a small area of infected plants in a trial field in 1945 and 
again in 1950 and 1951. These attacks were too weak to produce clear differences 
in varietal susceptibility, such as THIJN (1) was able to observe. 

Oidum solani normally appears in the greenhouse in late autumn, both on older 
and younger leaves of plants of all ages. It is a very common phenomenon on pota- 
toes, grafted on to tomatoes and maturing very late. 

In 1953, in maintaining a small collection of tuber forming Solanum species, tubers 
were planted in August in order to facilitate tuber set under natural short day con- 
ditions. These plants ripened very late and some of them became very severely at- 
tacked by powdery mildew. 

Very clear-cut differences were observed (table 1). 


TABLE [. ATTACK BY POWDERY MILDEW OF SOLANUM SPECIES AND SELECTIONS FROM SPECIES 


Number of |_Number of 

AGE selections Not attacked selections 
Solanum demissum ll .... 6 Solanum antipoviczii 82. . .. 6 
5 5 23 4 55 longipedicellatum 1 
5 5 25 2 Ee MAacolacmm en l 
35 5 34 13 oe, polyadenium p l 
55 À ADE en ed D zl simplicifolium .. . . l 
5 7 46 een 7 en SUCLenseRBr A8 nr A en 1 
E 5 22 (Cock). l Alpha Xx S. simplicifolium 2 
Furore X n 2 
S. macolae X 2 l 


In this experiment only plants of S. demissum were attacked, all other species and 
crosses of species being free. To conclude from these data, that the resistance of S. 
simplicifolium is a dominant character, would be premature, as the female parents, 
the S. tuberosum varieties Alpha and Furore, were not grown in this collection of 
plants, and no information regarding their reaction to the disease is available. 

The results indicate that several species possess resistance to the powdery mildew 
fungus. All tested selections from S. demissum proved to be susceptible. Though the 
disease is not believed to have any economic importance and the susceptibility of 
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S. demissum need not necessarily be linked with resistance to Phytophthora infestans, 
sources of resistance are now known. 


SAMENVATTING 
Een mededeling over meeldauwresistentie bij Solanum-soorten 


Ter aanvulling van het artikel van THIN (1) wordt medegedeeld, dat in 1945, 1950 
en 1951 meeldauwaantasting in aardappelproefvelden werd waargenomen. De aan- 
tasting was echter te zwak om duidelijke rasverschillen te kunnen vaststellen. 

In 1953 werden knoldragende Solanum-soorten in Augustus uitgepoot om deze 
onder de natuurlijke kortedag in stand te houden. Meeldauw trad in hevige mate op. 
Het bleek, dat alle selecties van S. demissum aangetast werden, doch verschillende 
andere soorten (en kruisingen daarmede) bleven vrij. 

Ofschoon meeldauw in Nederland geen ziekte van betekenis is en de vatbaarheid 
van $. demissum niet noodzakelijk gekoppeld behoeft te zijn aan Phytophthora-resis- 
tentie, is het van belang, dat thans bronnen voor resistentie tegen meeldauw bekend 
zijn. 


LITERATURE 
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1. INTRODUCTION 


Though the present writer is now employed at the Plant Protection Service, Wage- 
ningen, he has readily complied with the request to compose an article on coconut 
breeding. 

Occasion for this arises the more so as the previous publications are in Dutch and 
appeared after the general survey on coconut breeding by HUNTER and LEAKE (2). The 
chapters 5 and 6 of the author's pamphlet on coconut culture (6) form the basis of 
this article. 


2. COCONUT RESEARCH IN INDONESIA 


Besides the native cultivation of the coconut, only an unpretentious cultivation is 
found on plantations in Indonesia, because the growth of other crops is more profi- 
table for estates. 

The investigations into coconut culture in Indonesia are exclusively carried out by 
the General Agricultural Research Station. In 1930, this institution founded a sepa- 
rate branch station for the coconut in North-Celebes (Fig. 1) and has a special experi- 


Fig. 1. COCONUT EXPERIMENT STATION AT MANADO-CELEBES. THE BUILDING WAS 
SEVERELY DAMAGED DURING THE WAR, AND WORK WAS CONTINUED AT MACASAR 
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mental garden for the coconut at Manado (Mapanget). After the war, this station was 
included in the department Macasar of the same Research Station. 

As the supply of good coconut seedlings was urgent in Java, the Agricultural Advi- 
sory Service raised young coconut palms on a large scale in order to promote the 
coconut culture. In section 4 a discussion will be given on the selection of good 
mother trees. It is important, however, first to give some details on the botany and 
flower biology of the coconut. 


3. BOTANY OF THE COCONUT 


The germination of ripe nuts takes 1-2 months, before the sprouts appear outside 
the husk. Under favourable conditions more than 90% of the nuts germinate. The 
first leaves of a seedling are not yet pinnate, and there is also no trunk formation in the 
beginning. However, the base of the plant and the leaves enlarge more and more. 
Stem formation commences after 3 or 4 years. 

Production mostly starts between the 6th and 9th year, while prime is generally 
attained between the 10th and the 20th year. Growth even proceeds at old age, but is 
then slower. The leaves and nuts become smaller and the number of leaves and 
clusters annually formed decreases. The interval between successive leaf scars on the 
stem is compressed. The stem has no secondary thickening, as is the case with dico- 
tyledons. A notch once cut‚ therefore remains for ever. The trunk consists of a cylinder 
with solid tissue outside and a softer structure within. It is weak close to the leaf 
crown and becomes lignified strongest near its base. The highest measured height of 
trees amounted to 35 m. 

The number of leaves of a coconut is more than 30, but there are about as many 
non-unfolded ones. A leaf lives about 4 years and half of this time is needed for its 
formation. Full grown trees produce some 14 leaves per annum. An impression of the 
age of a tree can therefore be gained by counting the leaf scars on the trunk. Groups 
of 5 leaves together are counted (the 6th leaf is placed over the Ist) and afterwards 
five years added for the first period. This does not hold true for old trees, however, 
as they form fewer leaves per annum. These trees are therefore virtually older. An old 
tree could be 110 years, for instance, according to the number of leaf scars. Its real 
age may be estimated at between 140 and 160 years. 

A fruit bearing coconut palm produces a cluster of flowers in every leaf axis. This 
cluster is enclosed in a large spathe which opens just before bloom. Ordinary trees 
have as many clusters as leaves, thus about 14 per annum. Any flower cluster develops 
normally into a bunch with nuts. A cluster consists of a main axis and side branches. 
The female flowers are situated at the base of the side branches and the male flowers 
at the terminal ends. The male flowers are first to open and the female flowers start 
blooming not before the male flowers have finished flowering. Shortly after the 
blooming of the female flowers, the next cluster starts flowering. In nature, therefore, 
cross-pollination is the rule, with the exception of the dwarf varieties, where female 
flowers bloom before the male flowers have finished flowering. The pollination is 
effected by flying insects, especially by small wild bees adhering the pollen underneath 
the abdomen. Trials at Manado with marked insects proved that these insects return 
to the same tree or to neighbouring trees. So the most obvious conclusion is that a 
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coconut palm is pollinated by the surrounding trees. The coconut is a good tree for 
bee keepers, as pollen and nectar are abundantly produced during the whole year. 
However, sufficient pollination takes place naturally on an estate, as appeared from 
trials; so the keeping of bees exerts no influence on the fertility (TAMMES, 3). 

Most flowers are shed during the first two months after pollination. After this so- 
called fruit set, few more nuts are shed unless extremely unfavourable circumstances 
occur. Thus counting of the nuts of a number of clusters is a useful and often practised 
way to estimate the production of a tree. Trials in Celebes showed that the fruit setting 
which determines the size of the harvest, is dependent on the nutritional condition of 
the tree. If the tree has been damaged by insects or by drought, or if the soil is bad, 


Fia. 2. STUDYING FLOWER BIOLOGY OF THE COCONUT 


fruit setting is poor. Also fruit setting decreases after a voluminous harvest as a con- 
sequence of the depleted nutritional condition. If, on the contrary, the palm bears few 
nuts and a favourable period follows, the fruit setting may become abundant. These 
symptoms are especially conspicuous with dwarf varieties (TAMMES, 4). 

The development from fertilization to full grown nut takes more than a year (Fig. 3). 
During their development the nuts are very susceptible to drought, which causes them 
to remain small and to produce only little copra (TAMMES, 5). 
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Months 


01258 405, 67 EPO TO TM AS BLAREN 


Bloom of male flower 
Bloom of female flower . 
Fruit setting 5 
Formation endosperm 
Formation embryo 
Dark colour of shell . . . 
Water thumps on shaking 
Dying of husk 
Mature nut 
Nut falls . . 
Harvest period 


FIG. 3. SCHEME OF DEVELOPMENT OF A NUT FROM BLOOM TILL HARVEST 


There exists a certain variation in the characters of the coconut, most of which are 
enumerated in the survey below: 


1. Trunk 5. Fruit bearing 
a. Normal and with enlarged base a. Early 
b. Slim and short, without enlargement b. Normal 
2. Leaves 6. Nuts 
a. Normal, pinnate a. Green 
b. Leaf points do not release at unfolding b. Yellow 
c. Petioles yellow c. Orange 
d. do. green d. Brown 
e do. brown e. Round 
f. Oblong 
3. Fruit bunch zg. Elongated and constricted 
a. Normally branched h. Husk sweet and edible 
“b. Unbranched, so called ear-coconut i. Endosperm soft 
c. Unbranched, with leaves (very rare) j. Endosperm soft and jelly-like 
d. With a great many small fruits k. Endosperm soft and granulous 
L. Endosperm normal 
4. Bloom m. Endosperm and shell lacking 
a. Male and female flowers of a cluster simul- n. Slit in the shell, endosperm rots away 
taneously flowering o. Small nut, little endosperm 
b. Male and female flowers of a cluster se- p. Large nut, much endosperm 


parately flowering 


All these characters occur in Indonesia. Fossile fruits of coconut palms were found 
in New Zealand. It is therefore quite probable that the original habitat is to be found 
in the South Western part of the Pacific. The various characters occur in all sorts of 
combinations. A division into two main types is habitual viz. the ordinary coconut 
(tall) and the dwarf coconut. 


4. SELECTION 


The aim of selection is to obtain as high a yield as possible of fat. As, however, the 
fat content of the copra of ripe nuts varies only very little, the yield of copra per tree 
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and per annum can be taken as criterion in selection. The yield per tree is therefore 
estimated by multiplying the average number of nuts annually produced with the 
average copra content of the nuts. The number of nuts on different trees varies most 
(var. coeff. 36 %). The copra content varies to a lesser degree (var. coeff. 16 %) and the 
fat content of the copra varies least (var. coeff. 3 %). 

The coconut is an ancient crop and in the course of years some selection has been 
eftected by the cultivators. Very great differences in yield, as occur in crops which 
have been introduced into cultivation from the wild state (e.g. rubber), are not found. 
In a homogeneous plantation, the best trees produce about double the average yield. 
In a well-developed estate with, for instance, an average of 15 kg copra per tree, the 
best trees produce about 30 kg per annum. In the very best plantations with a peak 
production of about 25 kg copra per tree and per annum, trees can be found with an 
annual production of 40 kg, which can therefore be considered as a peak production 
under the most favourable conditions of soil, climate and genetic constitution. 

In Northern Celebes there is a trial dating from the years 1926 and 1927, where 
groups of seedlings each derived from one selected mother tree were planted in some 
replications. This plantation consists of 1400 trees, belonging to 43 groups. Each 
group comes from the same mother tree. These groups show differences and some of 
them excel in early and abundant production. This is an indication that selection may 
enhance production. Of the above-mentioned groups, only the mother tree was known; 
but nothing was known about the male parent. It is obvious, however, that there is 
more chance of achieving improved production when both parents are known to be 
high yielders. 

The ordinary coconut shows no self pollination because male and female flowers of 
a tree bloom at different times. Artificial self pollination with preserved pollen gave 
indications of the detrimental effect of inbreeding. A plot of such coconuts exists on 
the experimental garden “Mapanget” in Northern Celebes. It is therefore important 
to avoid inbreeding as much as possible by taking care that a considerable number of 
sowings of different origin occur in the plantations. 

Selection for practical purposes can be carried out by raising so-called primary 
seed gardens from nuts which have been obtained by intercrossing high yielders. There 
are four such gardens in Indonesia. Only high yielders are kept while the others 
are removed. The remaining trees produce the seed nuts for the raising of secondary 
gardens. Care should be taken that a reasonable mixture of seed nuts is used to 
prevent inbreeding. If necessary, the original mother trees can be used again when 
good cross combinations are observed. A suitable size of a secondary seed garden is 
2 ha. A great number of smaller secondary seed gardens is to be preferred to a small 
number of large gardens from the point of view of the transport of the seed nuts and 
seedlings to the growers later on. Also in these secondary seed gardens only the best 
trees can be kept. The seed nuts can best be delivered as seedlings about six months 
old, after the elimination of weak and deficient ones. For rejuvenation of an existing 
old plantation one should account for 1 % per annum, eventual extension not in- 
cluded. As a standard for practice a seed garden of about 2 ha should be sufficient for 
every million trees. 

In several parts of Java, the need for good seedlings was very great and they were 
sold in large numbers by the Agricultural Advisory Service during the years before 
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the war. In certain areas the number increased to more than 100,000 per year. These 
nuts were obtained from selected high yielding mother trees in a plantation. The pro- 
duction-estimate was partly based on harvest records and partly on evaluations; the 
latter presents no difficulties for the objective in view. Furthermore, the Agricultural 
Advisory Service in East Java commenced laying out special seed gardens, which were 
partly planted with nuts of the above-mentioned selected mother trees, partly with 
nuts from a collection of high yielding trees from the General Agricultural Experi- 
ment Station, Buitenzorg, which was itself raised in 1910 and 1911 from nuts of good 
trees from the whole Archipelago. In 1930, this plantation was selectively thinned 
after a harvest record of many years (v.D. ELST, Il). 


A particular variety is the so-called Takome-coconut, from the island of Ternate. 
This tree bears a great number of comparatively small nuts which results from the 
fact that no young fruits are dropped at fruit setting. Many trees of the progeny also 
had this character and a special plot was planted in the experimental garden “Mapan- 
get” in Celebes and in Djailolo (Halmaheira), to test the value of these trees. 

Furthermore there are the so-called dwarf varieties with small fruits and early fer- 
tility. These varieties are self pollinating as a consequence of the simultaneous bloom 
of male and female flowers on one tree. These trees are almost stable owing to this 
self pollination. Fruit bearing starts early and the trees can be planted much closer 
(7 x 7 m) because of their small crowns. The dwarfs are not satisfactory in a 
commercial plantation because the trees are too weak. Whether this is caused by 
inbreeding or is due to other reasons, is unknown. Some lines seem to be more vigo- 
rous than others, but the general experience with dwarf varieties is bad. This form 
is therefore only met with in farm yards. 


Crosses between the ordinary coconut and the dwarf varieties are possible and 
occur also in nature. The general characters of these hybrids is an early fertility with 
nuts of intermediate size and a separate bloom of male and female flowers. The first 
cross (F‚) is very homogeneous and does not show the undesirable weakness of the 
dwarf varieties. In the isle of Halmaheira, an estate of dwarfs lost nearly all its pure 
dwarf types after the first year of production. The hybrids of which there were a great 
many, proved to be as vigorous as the ordinary coconut; but they fruited earlier. This 
hybrid can therefore be used under circumstances where early fruit bearing is of prime 
importance, for instance, in new settlements. These hybrids can be produced on a 
large scale by regularly cutting away all male flowers from dwarf varieties standing 
near talls. A garden was planted for this purpose in North-Celebes. Unfortunately, 
the second generation (F) segregates in all sorts of types, varying from pure dwarf 
varieties to tall coconuts, although the hybrid type predominates. Attempts were 
made to obtain stable forms combining the good properties of the ordinary and the 
dwarf coconut. 


SUMMARY 


The coconut (Cocos nucifera L.) is an ancient cultivated plant, which has been 
selected to a certain extent in the course of ages, by using the fruits of high yielding 
trees for propagation. 
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Two aggregate varieties can be distinguished, viz. the ordinary coconut (the tall 
type) and the dwarf coconut (the dwarf type). Apart from the height, there are differen- 
ces in flower biology and earliness. The ordinary coconut is a cross pollinator because 
the male and the female flowers of a palm bloom at different times; the dwarf coconut, 
contrarily, is a self pollinator. The latter also distinguishes itself by early fertility and 
small fruits, while it proved to be too weak for planting on a commercial scale in 
Indonesia. 

The breeding of the ordinary coconut in Indonesia is based on the selection of 
good mother trees and the artificial crossing of high yielders. The progeny of these 
crosses form the so-called primary seed gardens. After thinning, the most productive 
trees will produce the fruits which will be used for the raising of secondary seed 
gardens. Attention should be paid to ensure that a fruit variety of different types is 
included in order to prevent inbreeding. 

The tall type can be crossed with the dwarf type. The F, generation shows a differ- 
rence in flowering time between the male and the female flowers, an early fertility and 
fruits of intermediate size. It does not show the weakness of the dwarfs. 

The hybrid can be used for circumstances which requite early fruit bearing, for in- 
stance in new settlements. The hybrids can be obtained by regularly cutting away all 
male flowers of the dwarf trees standing near the tall ones, before the flowers open. 


SAMENVATTING 
Overzicht van de klapperveredeling in Indonesia 


De klapper (Cocos nucifera L.) is een oude cultuurplant, waarop in de loop der - 
eeuwen enige selectie is toegepast door de vruchten van goede producenten voor de 
aanplant te bestemmen. 

Het sortiment wordt onderscheiden in twee groepen: de gewone klapper en de 
dwergklapper. Het verschil berust vooral op de bloembiologie, dwergvorm en vroege 
dracht. De gewone klapper is een kruisbestuiver doordat de mannelijke en vrouwe- 
lijke bloemen van een boom op verschillende tijden bloeien; de dwergklapper is 
daarentegen een zelf bestuiver. Laatstgenoemde klapper onderscheidt zich tevens door 
een vroege dracht en kleine vruchten, terwijl zij voor bedrijfsaanplant in Indonesië te 
zwak bleek te zijn. 

De veredeling van de gewone klapper berust in Indonesië op het kiezen van goede 
moederbomen en het kunstmatig kruisen met hoge producenten. Met deze kruisingen 
werden de zgn. primaire zaadtuinen aangelegd. Na dunning zullen de beste produ- 
centen de vruchten leveren, die gebruikt worden voor aanleg van secundaire zaad- 
tuinen. Bij de aanleg daarvan moet gelet worden op een behoorlijk mengsel om inteelt 
te voorkomen. 

Kruising van de gewone klapper met de dwergklapper is mogelijk. De F, planten 
hebben een gescheiden bloeitijd van de mannelijke en vrouwelijke bloemen, een vroege 
dracht en intermediaire vruchtgrootte. Zij vertonen niet de zwakteverschijnselen van 
de dwergklapper. 

Deze hybride komt in aanmerking voor die omstandigheden, waarin een vroege 
dracht een eerste vereiste is, b.v. in nieuwe gebieden. De hybriden kunnen worden 
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verkregen door bij dwergklappers, die in de nabijheid van de gewone klapper staan, 
alle mannelijke bloemen geregeld weg te snijden, voordat deze geopend zijn. 
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1. INTRODUCTION 


For the Netherlands which is densely populated and lacking in raw material it is 
important that the level of agricultural production should be as high as possible. 

This can be effected when the seed and seed potatoes belong to varieties which, 
under the given or expected circumstances, can produce a maximum yield of the best 
quality. 

The results of the breeding work can only be advantageously availed of if in every 
year seed and seed potatoes are available in a sufficient quantity and at a reasonable 
price, complying with certain demands of quality. 

As foreign visitors often take an interest in the way in which the control of agri- 
cultural seeds in the Netherlands takes place, the present writer has made an attempt 
to give a systematic survey of the procedures now prevailing. 


2. THE RELATION BETWEEN THE LIST OF VARIETIES AND CROP INSPECTION 


In order to introduce a variety of an agricultural crop, the following demand must 
be satisfied : 


a. It must distinguish itself sufficiently from other varieties and must be sufficiently 
true to type. As a proof of this the variety must be listed in the Central Register of 
Varieties. 

b. It must be considered particularly valuable for cultivation in the Netherlands. As 
a proof of this it must be placed on the List of Varieties. 

c. The seed or the seed potatoes must be approved by the inspection service appointed 
by the government. As a proof thereof it must be furnished with the prescribed 
seals, labels and certificates. 


In the following we will confine ourselves to the control of agricultural seeds. 


3. THE TRADE IN AGRICULTURAL SEEDS 


For the introduction of agricultural seeds, they must be approved by the inspection 
service appointed by the government and furnished with the prescribed seals, labels 
and certificates. The inspection of crops, the supervision of their culture and the 
control of the seed supply has originated from the private enterprise of agriculture 
and horticulture, and the seed trade pioneers. In the period 1919-1932, there were 


1) The author wishes to thank the Inspector of Agriculture, Dr N. H. H. ADDENS, and the Direc- 
tor of the General Netherlands Inspection Service (N.A.K.), Ir J. SIEBENGA, for their kindness in 


examining this article. 
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two central inspection services; the provincial agricultural organizations and one in- 
stituted by the tradesmen in conjuction with groups of growers. In 1932, the govern- 
ment had no objection to execute the Agricultural Export Act 1929, provided that 
only one central inspection body was formed. The inspection organizations existing 
at that time, then conveyed the inspection of all crops, agricultural as well as horti- 
cultural, to the General Netherlands Inspection Service for Agricultural Seed and 
Seed Potatoes (N.A.K.). With the introduction of the Breeders’ Decree 1941, separate 
central inspection services were established for the various groups of crops. 

As early as 1932, the N.A.K. divided the country into 12 inspection regions, and a 
regional inspection service was established in each province. At the moment there are 
13, ie. one in each of the 11 provinces, one in the peat district of Groningen (Veen- 
koloniën) and one in the North-East Polder. These regional inspection services collab- 
orate with the N.A.K. since 1941, but they are rather independent. Within the general 
frame work of regulations and prescriptions indicated by the N.A.K., each region 
regulates its own affairs, subject to approval by the central office of this organization. 
The regional as well as the central inspection service are corporations. 

The N.A.K. carries out the inspection and supervises the working methods of the 
affiliated persons, who are divided into 4 groups, viz. : 


l. Breeders 
2. Breeders/Selectors 
3. Growers 
4. Proecessors/ Dealers 


All these groups are represented on the board. They are submitted to the N.A.K. 
by their organizations and are appointed by the Minister of Agriculture from the final 
recommandations drawn up by the N.A.K. 

Apart from the members of these societies with a common interest, the Minister 
appoints the following advisory members: 


a. The Director of the Institute of Agricultural Plant Breeding 
b. The Head of the Laboratory of Phytopathology 

c. The Head of the Plant Protection Service 

d. The Director of the State Seed Testing Station 


and some other persons who are considered to be experts in some particular fields. 
Although the government has delegated the inspection of crops and the supervision 
of holdings toa private institution, it has reserved the supervision of this organization 
which consists of an approval of the statutes, regulations and tariffs levied on the 
affiliates, as well as the administrative and technical supervision of its activities. 
Among other things, the estimates and the financial management are submitted to 
the Minister at the end of each financial year. 


4. INSPECTION BY THE N.A.K. 

The inspection by the N.A.K. is divided into the following stages: 

a. The application for field inspection 

This is an administrative control, whereby the origin of the seed to be used is 
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ascertained. In order to have a safeguard from deceit, only plots are accepted which 
contain the original seed of the breeder or seed which was approved in the former year. 
As a proof thereof, the labels and certificates must be submitted on application. 

In the case of cereals, pulses and flax, original seed can be propagated to once 
grown, twice grown and more often grown seed. Any grower can join in this culti- 
vation of more often grown seeds, which results in an ample supply of seed being at 
hand. This may result in some of the seed lots not being required, so that the inferior 
ones can become eliminated without objection, and absorbed in the consumption 
trade. In the case of some other crops, such as caraway, poppy, mustard and swede- 
like rape, the demands of which are less great, only first grown seed is inspected, as 
is also the case with clovers. With fodder beet, sugar beet, swedes, turnips and hybrid 
maize, only original seed is inspected. 


b. The field inspection of the seed bearing crop 
Attention is paid to: 


Ll. Authenticity 

2. Trueness to type 
3. Health 

4. Adjacent plots 


Figures ranging from 1-10 are given to these items, while minimum distances have 
been established for the adjoining plots. If for one item a figure is given lower than 6, 
the crop is unfit for certification. Apart from the field inspection there is also a post 
control by sowing samples of the finally sealed lots on the inspection fields of the 
N.A.K. and the regional inspection services. 


c. Supervision of the processing 

The yield of the approved plots remains constantly under the supervision of the in- 
spection service. Among other things, control takes place on the storage of the pro- 
pagating material at the growers premises and on the transport of the seed to the 
processing installations: when the seed of unrippled flax must be transported, it 
should always be accompanied by an identification paper of the inspection service. 


d. Sample and bulk inspection of the harvested seed 

For the bulk and sample inspection, a sample is taken by the inspector of the serv- 
ice according to rules which are somewhat more stringent than those of the Inter- 
national Seed Testing Association. These lots are provisionally sealed when export 
consignments are sampled. 

Standards have been drawn up in regard to germinating capacity, purity, moisture 
content, grading, weed content and admixture. Moreover, the seed is assessed on 
outward appearance, as well as on colour, taste, feel and degree of clearing. 

In some cases, additional demands are made for the germination capacity. For in- 
stance, a demand for germination energy is made with linseed and beet seed, and a 
cold test is made for maize. The standard for moisture content is in general dependent 
on the time of sealing. Moist seed does not store as well as dry seed. A higher moisture 
content is acceptable as the sowing season approaches. 

The lots which are destined for home use are, for the greater part, investigated at 
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the laboratories of the inspection services supervised by the State Seed Testing Station. 
The sample investigations of all the export lots of cereals, leguminous crops and fine 
seeds, takes place at the State Seed Testing Station, as well as the lot of other seed 
species which require an international certificate of analysis. 


e. Sealing and certifying 

When the result of the sample inspection is known, the lots are judged once more 
and, in the case of approval, the certificates are fixed to the packing units furnished 
with labels and afterwards finally sealed. 


5. THE GOVERNMENT SUPERVISION ON THE EXECUTION OF INSPECTION MEASURES 


As already mentioned, there is a direct state supervision of the execution of inspec- 
tion measures, which on behalf of the Director-General of Agriculture, is effected by 
the Inspector of Agriculture who is charged with the activities in the field of seed and 
seed potatoes as representative of the Department of Field Crop Husbandry and 
Grasslands. 

As regards the supervision on the control of the inspection services, the Inspector 
of Agriculture is assisted by: 


a. The Director of the Government Institute for Research on Varieties of Field 
Crops in the control of the authenticity and purity of the seed and the seed potatoes. 

b. The Director of the Plant Protection Service in the control of the health of seed 
potatoes, and by both the Director of the Seed Testing Station and the Director of 
the Plant Protection Service (in so far as the latter is concerned with it) in the control 
of the health of seed. 

c. The Director of the Plant Protection Service for the quality properties of seed 
potatoes and the Director of the Seed Testing Station in as far as the seed is concerned. 


At the Institute for Research on Varieties of Field Crops (L.V.R.O.) and the Plant 
Protection Service, no need so far has been felt to design a well-prepared system for 
this control. All cases questioned by the inspection service as to investigational require- 
ments are send to the representative Institutes for a judgment. Therefore they actually 
play a more advisory role. 


6. THE COOPERATION BETWEEN THE INSPECTION SERVICES AND THE SEED TESTING 
STATION 


The duties of the Seed Testing Station with the bulk and sample inspection is much 
more intensive. On the part of the inspection services as well as the Seed Testing 
Station, a more urgent need was therefore felt for a system of supervision. 

For that purpose a functionary of the Seed Testing Station was appointed to act as 
a liaison-officer between the inspection services and the Director of the Seed Testing 
Station. 


The task of this officer can be presented as follows: 
|. He is present at the central sample inspections. During the season about every 


28 


CONTROL OF AGRICULTURAL SEEDS IN THE NETHERLANDS 


three weeks, representatives of the inspection services come together, whereby all the 
samples of the past period which involved difficulties in assessment, are inspected 
together. This measure has proved to be very favourable to maintain uniformity of 
assessment between the inspection services mutually on one hand and between the 
inspection services and the Seed Testing Station on the other hand. 


2. He supervises the outfit and methods of the laboratories for seed-inspection be- 
longing to the regional inspection services. For that purpose, samples which have 
been investigated by the inspection service, ate, at random, subjected to an inspection 
of the Seed Testing Station. 

In the case of a deviating result it is ascertained to which the differences can be 
ascribed, in order to consider the possibility to alter the implementation or procedures 
of inspection accordingly. 


3. He is concerned in the consultation referring to questions bearing upon the seed 
and, in particular, in the fixation of the standards. 

The above-mentioned officer also directs the retail seed inspection, controlling the 
quality of the seed which is bought by the consumer. This service uses specially 
trained inspectors of the Government Control Service. The inspectors take samples 
from the sealed lots in the possession of the retail dealers and these are inspected for 
quality. At the same time the inspectors observe the outfit and administration of the 
above-mentioned dealers. Thus an impression is obtained indirectly concerning the 
supervision of the inspection service on its affiliates. 

The shortcomings issuing from the data are brought to the notice of the inspection 
service and improvements are aimed at through joint consideration. 

The supervision exercised in the above-mentioned way and which takes place under 
a friendly cooperation, has resulted in a greater uniformity concerning the inspection 
of the various laboratories. Diverse problems, occurring every year in connection with 
the quality of the harvest, are solved easier in this way which satisfies all the parties 
concerned. 


SUMMARY 


The results of the breeding work will only come to sufficient advantage if seed and 
seed potatoes of good varieties are available to a sufficient extent and at a reasonable 
price. 

Agricultural seeds and seed potatoes must be approved by the General Netherlands 
Inspection Service (N.A.K.) appointed by the government and furnished with seals, 
labels and certificates before they can be introduced into the trade. 

The execution of the inspection work comprises an administrative control on the 
origin of the seed, the inspection in the field of the seed bearing crop, the supervision 
of processing, the sample and bulk inspection of the harvested seed and finally the 
sealing and certifying. 

The execution of the inspection measures is supervised by the government. The 
supervision is delegated to the State Seed Testing Station as far as the health and 
other quality properties are concerned. 

In order to promote mutual consultations between the State Seed Testing Station 
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and the General Seed Inspection Service, a scientific worker has been appointed to 
act as a liaison-officer. This has resulted in a greater uniformity concerning the in- 
spection of the various laboratories and in a friendly cooperation. 


SAMENVATTING 


De contrôle op landbouwzaaizaden in Nederland 


Het resultaat van de kwekersarbeid zal alleen dan voldoende tot zijn recht kunnen 
komen, indien van de goede rassen in voldoende mate en tegen redelijke prijs zaaizaad 
en pootgoed van goede kwaliteit beschikbaar is. 

Voor het in verkeer brengen van landbouwzaaizaden moeten deze door de van 
overheidswege aangewezen keuringsdienst (N.A.K.) zijn goedgekeurd en door de 
N.A.K. voorzien zijn van plombes, labels en certificaten. 

De uitvoering van het keuringswerk omvat een administratieve contrôle op de her- 
komst van het gebruikte zaaizaad, de keuring te velde van het zaaddragende gewas, 
het toezicht op de bewerking, de monster- en partijkeuring van het geoogste zaad en 
tenslotte de plombering en certificering. 

Op de uitvoering van de keuringsmaatregelen wordt staatstoezicht uitgeoefend. 
Voor zover dit de gezondheidstoestand en andere kwaliteitseigenschappen van zaai- 
zaden betreft, is dit toezicht opgedragen aan het Rijksproefstation voor Zaadcontrôle. 

Teneinde het overleg tussen R.P.v.Z. en N.A.K. te bevorderen is een wetenschap- 
pelijk ambtenaar van het R.P.v.Z. als „liaison-officer” aangewezen. Dit heeft een 
grotere uniformiteit bij het onderzoek der verschillende laboratoria tot gevolg 
gehad en geleid tot een vriendschappelijke samenwerking. 
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ON THE DETERMINATION OF HARSHNESS 
IN PLANTS OF COCKSFOOT 
(Dactylis glomerata) 


J. W. LACKAMP 
CLV. Plant Breeding Station, Ottersum 
Received 18 Jan. 1955 


It is a well-known fact in the breeding of cocksfoot-varieties for cattle feeding 
(either for grazing or for hay-making), that great attention should be paid to harsh- 
ness. 

This harshness to the touch is due to the existence of silicic acid-containing dents 
on the margins of the leaves and partially also on the midribs. 

Although selection is possible by determining the degree of harshness of the plant 
by touch, it is too rough a method for advanced breeding work. 

Often two methods are suggested for continued selection. The first is based on 
counting the dents by microscopic analysis, the second by the determination of the 
silicic acid content in the dry matter of the material. 

It seemed us interesting to investigate the results of both methods. For this purpose 
a number of families, the progenies of open pollinated mother clones of cocksfoot 
plants, were used. The dents were counted and the silicic acid content of the dry 
matter was established. 

Before counting, it is necessary to observe how the dents are localized and how the 
numbers are dependent on the stage of growth. Now it turns out that types exist 
which have sharp and vigorous dents and others with more or less rudimental ones. 
Further, the tops of the leaves are nearly always more dentated than the bases and, 
moreover, the localization of dents may be rather irregular along the margins of the 
leaves. 

Fig. 1 shows top, middle and base of a vigorously dentated leaf and Fig. 2 the same 
of a moderately dentated one (enlargement 120 x). 

It follows from the figures that for a reliable result the dents of the whole leaf 
should be counted. Taking a part only is unreliable, the distribution and shape of 
dents being irregular. Of course it is of great interest to know, in how far a single 
observation and counting is typical for the observed family or clone. 

Experiments were conducted with 8 families. These were sown in a greenhouse, 
to favour the development under equal conditions. In each of these families, one 
similar leaf of five arbitrary chosen plants was examined microscopically in the four- 
leaf stage. The dents along the margins were counted by spreading the unfolded leaf. 

One family (K8) was similarly observed at a stage 14 days earlier, to examine the 
difference in counting caused by difference in stage of development. 

The following table gives a record of the number of dents on each of the five 
leaves per family, counted along the two margins (bold face and normal type). Every 
dent, either well-shaped or poorly developed, was counted. 


en 
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ne re 
neee Die middle 


basc ene 
J. W.L. z J. W.L. base 
VIGOROUSLY DENTATED LEAF OF COCKSFOOT MODERATELY DENTATED LEAF OF COCKSFOOT 


TABLE 1. NUMBER OF DENTS ON EACH OF THE FIVE LEAVES, PER FAMILY 


Family Ist 2nd 3rd 4th Sth den of 

leaf leaf leaf leaf leaf dents per 

family 
86 95 

K6 14 days earlier dai de re 46 21 1299 

| 514 244 345 308 290 3441 
eerd 235 376 289 353 

BSO ont te NEASOL |__364 166 270 418 2947 
294 364 163 280 327 

US me 276 421 481 184 356 3241 
369 bt 356 314 126 358 

KSApr nde es € 459 424 322 446 500 4388 
| S11 | 368 388 534 436 

on Ae 348 293 333 266 411 3078 
| 328 | 391 163 306 239 

Rt OON 332 316 369 349 179 3191 
379 319 364 327 257 

VE AEP NE 377 413 uil s85 315 323 287 3675 
| 416 525 | 295 249 303 

EE ar 461 | 361 348 321 441 3656 
335 | 324 338 353 374 


To characterize each family, the total number of dents is stated in the last column. 
When we range the families according to increasing number of dents we have the 
following series: 

K6 (14 days earlier), K50, K21, K100, K64, K6 (normal time), K35, K94, K84. 

Most striking is the totally different place of K6 in the series, due to time of ob- 
servation, that is stage of development. 

From the above it is clear that the whole method of counting becomes uncertain. 

It must be realized that counting takes much time, and the number of plants to be 
observed in such a short period, without risk of much variation in stage of develop- 
ment, is limited. 
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In all these families the SiO,-content in the dry matter was determined in the same 
stage. These SiO,-contents vary from 1.38 to 1.77 %, but in another series of increasing 
numbers than that of dents, as is shown in the following table. 


TABLE 2. SIO,-CONTENT OF DRY MATTER 


Families Total number RSIO5 
of dents in dry matter 
KSO eee Beelen 2947 1.67 
EN Ae tn EEN 3078 1.74 
KIO MEE 3191 1.65 
IOA BE EED. 3241 1.38 
Een re ee kere 3441 (/ 
| Ee re 3656 1572) 
EN ee 3675 1.47 
|E Ee ro | 4388 1.38 


From the experience described, a chemical analysis of the breeding material com- 
bined with a mieroscopic analysis of the items with low SiO,-content seems to be the 
best method. 

Among the families with low SiOs-content, those having blunt and undeveloped 
dents are preferable. 


SAMENVATTING 


Over het bepalen van de hardheid van kropaar planten 


Het tellen van tanden bij kropaar ter bepaling van de hardheid is een hoogst 
onzekere methode, als gevolg van zeer verschillende vorm, scherpte en verspreiding 
der tanden. De waarnemingsuitkomsten verschillen zeer in opeenvolgende ontwikke- 
lingsstadia van het plantje. De telling correleert dan ook niet met de analyse van kiezel- 
zuur in de droge stof. De beste methode van selectie lijkt een chemische analyse van 
kiezelzuur, gecombineerd met microscopische observatie van de min-varianten. 
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1. GENETICAL AND ENVIRONMENTAL VARIATION 


It is well known that many morphological as well as physiological properties of a 
plant depend both on the genetical constitution of the plant, and on the environmen- 
tal conditions (fertilizers, moisture, light, etc.). In plant selection we are in general 
dealing with some population of plants from which we try to select the best. These 
plants are grown as far as possible under the same environmental conditions. Never- 
theless, with properties as, for instance, productivity we have, even in the “constant” 
conditions of say a field trial, to reckon with serious variation from plant to plant 
from environmental causes only. 

In statistical terms we state that the observed value ““o”’ of a plant is the sum of the 
genetical value “g” (under “mean environmental conditions”) plus a modifying term 
“e” accounting for the effect (on a “mean genetical type”) of deviating environmen- 
tal conditions. An extra term ““ge” accounts for a genetically determined deviating 
reaction of the plant to deviating environmental conditions. Thus we have: 


o=ghedt ge (1) 
The variation from plant to plant of the successive terms may be expressed by 


standard deviations o,, 59, oe and oge respectively. On the analogy of the well-known 
analysis of variance the following relation holds: 

aj = ol Ho to (2) 
In general, plants that are genetically not very different show a uniform behaviour 
under not too different conditions. Thus og, will be small. For simplicity we will 
suppose og, — 0. 

The plant breeder aims at selecting plants with highest g-value. However, he only 
observes o. If environmental variation, as measured by o2, is small, o will be a cor- 
rect measure of g. If not, the breeder has to reckon with considerable errors in esti- 
mating g from o. In general the degree of reliability of o as an estimate of g may be 
measured by the correlation coefficient p between g and o: 


p — Geloo (3) 

The present article aims at showing how estimates of 5, oc. and po may be obtained 
from a field experiment (section 2). Further how these estimates may be used either 
to give an estimate of what genetic advance may be attained by selecting from a given 
population (section 4). Finally a criterion is given on how to choose a selection level 
such that selecting the “better” strains may be called efficient in some sense (section 5). 


1) The authors wish to thank Dr J. A. NELDER of the Vegetable Research Station, Wellesbourne, 
England, for his kind examination and valuable remarks. 
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2. THE FUNCTION OF FIELD TRIALS IN PLANT BREEDING 


One function that field trials may fulfil in plant breeding is to give statistical in- 
formation about the breeding behaviour of the population from which we wish to 
select. This breeding behaviour depends firstly on the degree o to which the desired 
property is genetically predetermined, secondly on the way in which it is genetically 
predetermined, and finally on the breeding procedure. 

FEDERER (2) has given an extensive account of how field experimentation may give 
information on the first point. To fix the ideas the following simple example may be 
given. In breeding for yield s strains have been obtained. These are planted for com- 
parison in an experimental field with random arrangement of the plots. Estimates of 
og and o, are obtained from an analysis of variance in the following way: 


At | dro fet Sum of Variance Average value 
Source of variation | 1 | EN DIA) | of (2/0) 
SCANS delen zen beg oe ben! s-1 geek ro2 
BRON en Brant pe GSDEESI) oî 


_ Increasing the number r of replications increases the accuracy with which the gene- 
tical value of a strain is measured by the observed mean o of the r plots of that strain: 


DE 


(e) 
a 2 2 
oe Gel Sep 


(4) 


Thus by replication we can indefinitely increase the correlation p between the gene- 
tical and the observed value of the strains. More complicated examples of estimating 
5 and o, are given by FEDERER. 

Considering now the genetic basis of the character being analysed, methods for 
determining the mode of transmission are well known in cases where only a small 
number of recognizable genes are involved. For polygenic factors MATHER (5), 
NELDER (6) and GRIFFING (3) discuss the design of a field trial from which estimates 
may be obtained of the number of “effective factors” involved, the degree of domi- 
nance and other features. From this information the breeding behaviour can be fore- 
cast to some degree. TANG (10) suggests comparing two breeding procedures with 
respect to their breeding value by means of the respective frequency distributions of 
g-values of the final strains generated from the same original population. These points 
will not be dealt with here. 

After breeding, a population will be obtained from which we want to select the best 
strains. This will often be done in a field experiment. How the selection should be 
carried out most efficiently from statistical considerations is the subject of the fol- 
lowing sections. 


3. INTRODUCTION TO THE TWO SELECTION PROBLEMS 


The practical breeder, selecting from a population say the best 10 % of strains, 
hopes that these strains will be genetically the best. However, his choice may be 
vitiated by two kinds of errors: a) Genetically bad strains may be taken for good ones 
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by a positive effect of environmental conditions. The result is a depression of the 
genetical value (genetical advance) of the final selection. b) Genetically good strains 
may be overlooked by a negative environmental effect resulting in a loss of valuable 
material. 

The following two sections will discuss how a breeder can select most efficiently, 
either taking into account only the first error (section 4) or both errors (section 5). 
Some simplifying assumptions have been made to facilitate the computations: 


a. The numerical ““genetical values” g; of the strains i (i — 1, 2, … m) are a sample 
from a normal distribution with mean g, and variance 55 *). 

b. The numerical “observed values” o; of the strains i (1 — 1, 2, … m) (the arithmetic 
means of observed values on r plots) are samples from normal distributions with 
the genetical value g, as a mean and variance oì. 


a 


We suppose o, and o, to be known. 


d. Selection is based on one single property. Although this is rarely so in practice, 
COCHRAN (1) has shown that mathematical results concerning selection for one 
property may easily be extended to a set of properties, by the construction of one 
selection index for the complex of properties under consideration. COCHRAN dis- 
cusses some complications that do not interest us here. 


4. SELECTION FOR A “HIGH GENETIC ADVANCE” 


In plant selection generally the “best” plants from a population are kept in the 
hope of selecting in this way plants of high genetical (g) value only. Full success would 
be secured, if we could select according to their g-value. However, only the observed 
value (o) is at our disposal. The degree of success when selecting for the observed 
value depends on the correlation between values g and o: 


Pgo — oslo TE oel Vo? si oe (3) 
In text books op, , is called the “intensity of genetic advance”, (Rao (8)). (One also 
finds for p? the term “heritability””). In fact, if the deviation of the observed value o of 


a strain from mean genetic value g, of the population is measured by (o-g,)/o, then 
the expected genetic value g of that strain is defined by the equation: 


(BSE) GE Te Pgo(O-Zo)/o05 (5) 
5-8, is called “the genetic advance.” 
In literature on the subject (e.g. YATES, 11) one often meets equation (5) as a basis 


for computing the gain achieved by selection. COCHRAN (1) for instance derives that 
the expected genetical value (or gain by selection) will be: 


B-8)/og — P-Z0)/x, 5) 
if we take the “observed best” « % of plants from a population. In this equation 


z («) is the ordinate of the normal frequency function that divides the total area under 
the frequency function in parts l-—a and « respectively. 


1) This supposition is justified in most polygenic cases where selection is still in its first stages and 
as experience has shown even in the more advanced stages, as attained to-day in selecting potatoes 
or maize. TANG (10) suggests how non-normal distributions should be dealt with. 


36 


TWO STATISTICAL PROBLEMS IN PLANT SELECTION 


Although equation (5) may be used in practical problems, we have considered use- 
ful for the practical breeder to put statement (5) completely in terms of frequencies by 
means of Table l and Figure 1. 


TABLE |. PERCENTAGE (Q) OF GOOD (Pa %) PLANTS EXPECTED AMONG Po % OF SELECTED PLANTS 


Pe 


Po 20 10 s 9) 
og = 0.1 X 5. (p — 0.10) 20 24.0 12.5 6.6 oid 
10 24.9 13.3 6.9 3.03 
5 26.2 13.8 7.56 3.21 
2 hj 15,2 8.0 3.45 
1 28.3 15.7 8.2 3.6 
0.5 D8I8 16.0 8.6 3.65 
Ge 0.20 50 (p= 0,195) 20 28.1 152 8.15 35 
10 30.3 17.0 9.25 4.12 
5 32.5 18.5 10.2 4.68 
D 35.0 20.6 11.7 53 
1 37.5 22.0 12.8 5.85 
0.5 39.1 23.4 13.7 6.3 
og = 0.5 X oe (p = 0.447) 20 40.5 23.9 13.4 5.9 
10 47.8 29.3 ol al 
5 53.6 34.5 220 
2 59.3 40.5 26.7 | 14.0 
1 65.2 46.0 30 LS 
0.5 68.8 50.4 35.0 nek LO 7 
og = 1 X 5e = (p — 0.70) 20 56.5 35.0 19.9 8.75 
10 70.0 47.2 2068143 
5 79.6 59.1 308215 
2) 87.5 71.5 54 32 
I 92 78 62.5 | 408 
0.5 94.8 86 70.4 | 49.6 
og = 2 X oe (p = 0.895) -20 73.4 45.2 24.4 9.95 
10 90.3 68.0 AT TOMS 
5 97.6 85.4 OR EES 
) 99.5 96. 84. 57. 
1 99.5 99.5 9350735 
0.5 99.6 99.3 97.4 | 854 
og = 3.04 X oe (p = 0.95) 20 80.0 48.5 25.0 | 10.0 
10 96.9 71.6 47.2 | 20.0 
5 99.8 94.4 0323 
2 100 100 94 70 
1 100 100 99 88 
0.5 100 100 99.8 | 96.0 
og = 5 X oe (p = 0.98) 20 88.0 49.6 25.0 | 10.0 
10 99.2 89 49.2 | 20.0 
s 100.0 98.5 82 39.5 
2 100.0 | 100.0 98.5 | 85 
1 100.0 | 100.09 | 1000 | 95.5 
0.5 100.0 | 100.0 | 100.0 | 99.0 
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Jo 

wf? 

Fis. 1. PERCENTAGE Q OF “Pg Yo GENETICALLY BEST’’ PLANTS EXPECTED AMOUNG Po % OF “OBSERVED 
BEST’ PLANTS AT GIVEN VALUES OF @ 


Table l and Figure 1 give a direct answer to the following question: Given for some 
population a certain ‘““intensity of genetic advance” o or a “heritability” o?, or given 
a ratio o,/o,, and selecting from that population the observed best P, % of plants, 
how good do we expect these plants to be. If we take the genetically best P, % of plants 
in the population as good ones, then the table and graphs show how many (Q %) of 
good(P‚) plants we expect to find among P, % selected plants. 

Construction of the table was as follows: Considering values (g-2,)/o, and (o-g)/o, 
as a combined sample of a bivariate normal population with parameters o, — 03 — 
le = og/o, we find from tables of Lee (4) probabilities P(o>o* gg) at a series 
of values o*, g* and o. By graphic threefold interpolation P was found at values of 
o*, g* and po, that suited our purpose. Table and graphs give values of P(o=o* ng 
g*)/P(o=0*). 

As an example let us take a field experiment with potatoes carried out by the Foun- 
dation for Agricultural Plant Breeding, Wageningen; 800 strains were planted in 
rows of 12 plants. The “under-water-weight’” gave as a general mean 379.4. We shall 
take this as the genetical population mean g,. The variance o° and o, were estimated 
as 1415.7 and 270.0. From this 5} and the correlation p are estimated as 1685.7 and 
V/(1415.7/1685.7 — \/0.8398 — 0.9164 respectively. If we now select from 800 strains 
the best 5 % i.e. the 40 best strains, we find from the graph for P, — 5 % that among 
these 40 strains: 
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about 98 % or 39 strains belong to the 20 % best genetically 
2, 88 8 bh] 35 bd ”, bd bd 10 /5 
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In this case of high “intensity of genetical advance”, we see that our selection con- 
tains a high proportion of genetically good plants. About the same figures may be 
obtained from the table under 5, — Zo, P‚ % — 5. 

The table for o — 0.895 further shows that selecting a smaller percentage of ob- 
served best plants favours the quality of the selection to a considerable degree espe- 
cially with respect to the genetically very best plants. In fact, taking the best 1 % of 
strains out of the 800 we should have expected in the 6 classes respectively 8, 8, 8, 6, 
4, 3 plants. Of course these numbers are expectations and in practice we have to 
reckon with considerable sampling errors if we select a too small number of plants. 
The general conclusion may therefore be: if the correlation is high, for rapid progress 
take a small percentage of best from a large number of strains. 

When the correlation coefficient p is small, say 0.10, the table shows that selecting 
a large or a small percentage of best strains has only small influence on the quality of 
the selection. Therefore, for rapid progress it is no use selecting from a large number 
of strains. However, as we saw in the foregoing section, we may increase the value of 
e by using more plants per strain. Therefore if we have a fixed quantity of land at our 
disposal, we may ask how to use it to make as fast a progress as possible. From the 
above it follows, that for a high value of o, we should plant as many strains as possible 
with a few plants of each. However, for a low value of p, we should use a sufficient 
number of replications with a correspondingly smaller number of strains. 

The exact optimum of replications may be computed in the following way. Suppose 
the field contains N plots. On these N plots are planted m strains in r replications 
each, so that r.m — N. Preserving at selection, say k strains, the selected percentage 
will be P, — 100 k/m — 100kr/N — «,(say). If the value of p for r = 1 is known to 
be p,, we may compute o, by the formula 


or = o8/(08 + F8) — rei/[(rDeì + 1 (6) 


We may now choose between two methods: 

(1) measuring the quality of selection by the “expected genetic value” 5, according 
to formula (5). 

(2) measuring the quality of selection by the expected percentage Q(g‚r) of “P, % 
genetically best” strains among those selected. 

That value of r is optimal, for which ö, or Q(g, r) takes the highest value. The com- 
putation may easily be carried out in practical problems. The two standpoints will 
give about the same results. 

As an example FEDERER (2) gives the following estimates: .52, .82, 1.14 of oè/o? 
for double crosses, top crosses and single crosses in maize, respectively. The conclu- 
sion that may be drawn from the foregoing is, that, in the case of double crosses one 
should test eventually less strains in more replications than with single crosses. 
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FEDERER computes for double crosses 4 replications against 2 for single crosses to 
give the highest genetic advance for the circumstances prevailing in the U.S.A. 

Instead of the number of plots, also the cost of selection might be taken as fixed. 
The number m of strains and the number r of replications should then be chosen so 
as to maximize the genetic advance at a given cost, the latter depending on mand r. 
Formally any genetic advance may be achieved by selection from a sufficient number 
of strains and by taking a sufficient number of replications, provided o,o. 


5. SELECTING FOR ““A MINIMAL CHANCE OF WRONG DECISIONS’ 


If in some crop much breeding work has been done, it will be difficult to achieve 
further progress. Therefore it is not unusual in field trials to test the new strains against 
a standard variety of good quality. As stated in section 3, in classifying his new strains 
as better or worse than the standard, the breeder may come to two kinds of wrong 
decisions: 


1’ genetically bad strains may be retained, 
2° genetically good strains may be discarded. 


In the foregoing section we took into account only the first error. In fact, asking for 
a high genetic advance involves limiting the chance of calling a strain “good” if it is 
not. However, in an advanced stage of selection we have to be careful not to loose 
some of the scarce valuable strains that have been won at much cost. Therefore the 
second kind of error becomes important. In the following we put as a criterion of 
efficient selection that the chance R (—= risk) of a wrong decision of either kind should 
be minimized. (For simplification we take all serious errors as equally detrimental. 
The result may be generalized to other cases.) 

Suppose the standard variety appears in the trial field much oftener than the strains 
under investigation. Then the real productivity s, of the standard may be assumed 
to be exactly known. Further suppose that: 


(1) it is better not to retain a strain if its genetic value g satisfies: 
SSS a är 
(2) it is important not to discard a strain if g satisfies: 
SS TA AA (7) 
(3) it is immaterial what choice is made if: 
So SES or dz 


The numbers a, and a, are assumed to have been designated by the plant breeder, 
e.g. according to economic considerations. 

It has been shown by SIEBEN (9) that the chance R of a wrong decision of either 
kind will be least if we preserve all strains that in the field give an “observed value” 
o higher than 


tn oe) (8) 
a number that may easily be computed as soon as s,, p, &, A2 and g, are given. The 
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number o* will be called the “selection level”. (To o* corresponds the optimal selec- 
tion percentage P,. What genetic advance will be achieved at this percentage may be 
read from Table l or Figure Il). 

So far the number of replications has been taken as fixed. However, by increasing 
the number of replications we may increase the value of p and thereby diminish the 
chance R of wrong decisions to any desired degree. 

Although other criteria for choosing the number of replications are possible, the 
following will be considered a reasonable as well as a practical one: take as the 
number r* of replications the smallest number r for which the expected percentage p 
of good varieties that will be discarded, is smaller than some number « designated by 
the breeder: : 

pr) Sa (9) 


The chance p(r) can directly be computed from tables of the normal bivariate 
distribution by LEE and NICHOLSON (4), or indirectly from Table l or Fig. 1-6 (p — 
P(o<o*Nga,)/P(g=-as)) 

We shall illustrate the above with an example. In 1951 at the S.V.P. (Foundation 
for Agricultural Plant Breeding) a potato trial was laid out in which some 800 clones 
were compared with a standard variety in about 100 replications. After the harvest 
the protein content in the dry matter of the tubers of each plot was established. This 
property gave the following parameters: g, — 9.85,s, — 7,0. The quantities a, and a, 
were chosen as 0 and 2.0 in order to exclude as much as possible all varieties which 
were really worse than the standard and to retain the varieties which showed an actual 
content of more than 9.0 on this field and under these conditions. 

The following table shows for a trial in 1-, 2-, 3-, and 4-fold replication, the criterion 
for the selection, the chance R in % of a wrong decision and the chance p in % of 
discarding a good variety. For comparison the same quantities have been tabulated 
for the criterion which consists of retaining all varieties that significantly exceed the 
standard. According to this criterion we apply the much used method of the “least 
significant difference” (L.S.D.). The last mentioned criterion is called “criterion 2”, 
the first mentioned criterion “‘criterion 1”. In the case of criterion 2 all varieties are 
kept which satisfy (when using a significance level of 0.95): 


o>ot = ss + ar + 1.960, 


From Table 2 it is clear that the risk R with criterion 1 is smaller than in the case 
of criterion 2. Especially the chance of discarding good varieties is much smaller. If 
we assume that we do not want to reject more than 10 % of the good varieties, we 
must take 2 or 3 replications in the case of criterion 1, and at least 4 when using 
criterion 2, as appears from the table. Naturally this holds for the size of the plots 
which are taken in this trial. 

When arguing according to one criterion or the other we get the same practical 
result when applying the L.S.D. — test at a well-chosen (not necessarily 5%) signi- 
ficance level. However, one would have to choose a separate significance level for 
every experiment. The “minimum risk approach” affords an objective criterion for 
the optimal selection level and seems better adapted to the problems that arise in this 
particular kind of field trials. 
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TABLE 2. CONSEQUENCES OF TWO CRITERIA IN SELECTING POTATOES FOR HIGH PROTEIN CONTENT 


Replications Criterion Selection level RSS p% 
| 
Pell 1 8.21 6.5 18.2 
j) 10.04 11.3 | 58.2 
2) l 8.11 3.8 10.4 
2 9.15 6.6 33.9 
3 | | 8.07 | De) 1.6 
) | 8.76 | 3N/ 18.5 
4 I | 8.05 1.3 KeS 
2 | 8.52 2e 10.3 
SUMMARY 


The effect on selection produced by inherited variation combined with variation 
caused by environmental conditions is set out in detail. 

Á possible solution for two statistical problems in connection with adequate selec- 
tion is discussed, putting the problem in different ways. 

Graphs picture how “genetically well’ a ceitain percentage of “phenotypically 
good” plants are in the case of a certain degree of heritability for the property under 
selection. 

A method is given for obtaining a selection level following a “minimum risk ap- 
proach”’. This level is thought to give more satisfactory results than the one given by 
the commonly used L.S.D.-5 %-test. 


SAMENVATTING 
Twee statistische problemen bij de selectie 


Uiteengezet wordt, welk gezamenlijk effect erfelijke variatie en de variaties door 
milieu-omstandigheden sorteren bij de selectie. 

Voor twee statistische problemen met betrekking tot doelmatige selectie en beant- 
woordend aan een verschillende vraagstelling wordt een oplossing besproken. 

Grafieken worden gegeven, uitdrukkend hoe „genetisch best’ een zeker percentage 
„waarneembaar beste” planten zijn, bij een zekere mate po van overerf baarheid van 
de eigenschap waarop geselecteerd wordt. 

Een methode wordt gegeven om een doelmatig selectie-niveau te vinden. Dit niveau 
wordt zo gekozen, dat de kans op foute beslissingen minimaal is, en biedt voordelen 
boven het selectie-niveau, dat wordt verkregen bij de veel gebruikte methode van het 
„kleinste betrouwbare verschil”. 
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INTRODUCTION 


Last year, in the latter half of August, I stayed in the Soviet Union for 17 days 
as a member of a Dutch delegation. Among other things, a visit was paid to the large 
permanent exhibition at Moscow and to some agricultural institutes at Moscow, 
Kiev and Leningrad. In view of the object of the tour and the composition of the 
delegation, attention had to be distributed among very divergent subjects. 

1 had an opportunity, however, to gain some experience and impressions on the 
present state of plant breeding and genetics in Russia. I will readily present the prin- 
cipal ones to the readers of Euphytica. Naturally the article bears a very personal 
character and does not lay claim on completeness. The available time was too short 
for that purpose, while also the language often handicapped a good exchange of 
views in spite of the excellent interpreters we had at our disposal. It should be pointed 
out beforehand that the Russian government made every effort to render the pro- 
gramme possible. The latter was drawn up by ourselves and, all the institutes and 
nearly all the persons we wished to see, were actually visited. 


The great national figure in the field of plant breeding is MICHURIN. Statues and 
portraits of MICHURIN are exhibited at many places; there is a series of stamps with 
his image and several of his sayings are encountered as slogans or devices at widely 
different places. The most frequently quoted sayings seem to be: “We cannot wait 
for favours from nature; we must wrest them from her.” “The most urgent task that 
confronts us to day is to find the means by which we can more easily and more 
successfully intervene in nature’s activities and thereby reveal her “secrets”. 

In his long and laborious life MICHURIN (1854-1934) introduced about 300 new 
varieties of large and small fruits. Some of these have found their way to cold and 
arid regions where formerly no fruit growing was possible or at least not on an econo- 
mical basis. MICHURIN was an ardent advocate of the socialistic society which, con- 
trary to the Czarist government, enabled him to continue his work on a large scale 
and on an unstinted footing. Undoubtedly his communistie convictions, which he 
expressed on many occasions, have contributed to the fact that the present rulers 
constantly draw the attention of the whole Russian nation to his great merits. 

One is inclined to compare this self-made man with BURBANK. According to the 
Russians and also according to MICHURIN himself he is wronged by this comparison, 
because BURBANK is said to have left too much to chance and his successes are 
principally obtained by working with great numbers. Contrarily, MICHURIN not only 
raised many new varieties, but also conducted many experiments. He developed new 
methods, set up new theories, threw old conceptions overboard, and hotly opposed 
the “indoor botanists”’ 
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Anybody who has been engaged in creating varieties for practice and who has 
experienced the demands that such a variety should satisfy, will have great respect 
for the practical results obtained by this man. However, there is a risk that the opi- 
nions of a successful man on subjects beyond his horizon may be accepted as authen- 
tic. A certain method may be useful, but its explanation may be unsound. As will be 
known, the Russians have set Michurinism against Mendelism. I cannot escape the 
impression that MICHURIN’s followers and, especially those who were unable to 
separate science from politics, have gone much further than MICHURIN himself. 

In the book ““IVAN VLADIMIROVICH MICHURIN, Selected Works” published in 1950 
(so after the notorious meeting of 1948) we find an article by MICHURIN, written in 
1934, in which he says: “I by no means deny the merits of the Mendelian law”. His 
attacks on Mendel’s Laws are especially directed against the computations derived 
from them. And I readily admit that, in crossing apples and pears and especially in 
species crosses, Mendel’s Laws give us no help in predictions. It is noteworthy in this 
connection that, during our stay, two research workers declared that they do certainly 
set value on Mendelian segregations as far as single and simple characters are con- 
cerned, or the resistance to some disease; but as soon as crosses between widely 
divergent varieties are involved or in the case of interspecific or intergeneric crosses 
these laws are apparently considered quite useless. The “pea-law”’ is also ignored for 
the inheritance of intricate physiological symptoms. 

An other investigator made a remark which had the following trend: If we bear in 
mind that, in the case of species crosses, vigorous fertile plants with highly deviating 
numbers of chromosomes occur in the same populations, it is not justifiable to attach 
so great a value to each separate gene. 

Discussing these matters with several Russian scientists has given me an impression 
of Michurinism that IT had not gained through reading the publications of LYsENKO 
and other authors. The word Michurinism is not always used in the same sense in 
Russia. In my opinion, it comprises a complex conception and may be interpreted. 
according to the following features: 


L. Crossing distantly related forms and forms from distant habitats. 

2. Exposure to external conditions for selection. 

3. Exposure to external conditions for modification. 

4. Forcing plants in order to change their genetical constitution (heredity of acquired 
characters). 


1. CROSSING DISTANTLY RELATED FORMS AND FORMS FROM DISTANT HABITATS 


In plant breeding, remarkable successes have frequently been obtained by crossing 
varieties from completely different habitats. In 1911, Cn. A. SAUNDERS raised the 
renowned wheat variety Marquis from a cross between the Indian wheat Hard Red 
Calcutta (as female parent) and the widely cultivated variety Red Fife (presumably 
native in Galicia), made in 1892. STRAMPELLI crossed Italian wheat with varieties 
from Japan. BURBANK’s crosses between different Prunus species and also crosses 
within the genus Juglans have been widely distributed. Crosses between Saccharum 
officinarum and Saccharum spontaneum led to the creation of varieties which excelled 
all the varieties grown in Indonesia. 
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The expression “distant forms” in Russia, comprises two categories: 

a. crosses of forms within a botanical species, native in very distant habitats, often 
situated at large geographical distances (intraspecific crosses), 

b. crosses of forms that are taxonomically more or less distantly related, e.g. inter- 
specific and intergeneric crosses. 

MIrCHURIN applied both methods on a large scale and in a purposeful way, some- 
times also both methods combined. From expeditions by VavirLov, BUKAsOv and 
others, it is known that in Russia, for many years already, great value has been 
attached to genetic material from other parts of the world. It is hard to say in how 
far MICHURIN’s work has had a stimulating influence on that evaluation. As early as 
1914, MICHURIN writes that he crossed the local winter hardy apple varieties of bad 
quality with the southern non-hardy varieties of prime quality. In 1934, he writes 
that he has proceeded on entirely different lines, but he does not indicate the year in 
which he initiated this new course. He virtually reports that he did so with much 
success, so that he must have commenced years before that time. He says: “I began 
to cross races and species of plants of distant habitat” and elsewhere continues “the 
southern plants transmitted to their offspring flavour, size, colour, etc., while the 
wild frost resistant species contributed their endurance to our severe winter frosts”’. 
A “Mendelian” breeder will not consider this as contrary to western genetics. How- 
ever, the followers of MICHURIN might be asked the question: if training affects the 
young hybrids so greatly, why should it not be possible to obtain good results by 
crossing local winterhardy species with southern non-hardy forms? 1 will deal with 
the problem of training further in this report. 

I had the privilege of meeting Prof. TsrrsIN, who, in spite of his pressing work as 
chairman of the agricultural exhibition was able to see us for a couple of hours. He 
told us about his research and, on the trial fields of the exhibition demonstrated us 
some of his perennial wheat varieties which were derived from a cross between 
Agropyron and Triticum. He visited MIiCHURIN in 1927 and, on the latter’s advice, 
conceived the plan to cross very distantly related forms. He had particularly aimed 
at the breeding of wheat varieties for regions which, owing to long and severe winters, 
dry and hot summers or too high a salt content of the soil, were not at all or were only 
slightly suitable for wheat cultivation. For the wild parent he chose different species 
of the genus Agropyron which have a bad reputation because of their wide distribution 
and persistency as a weed. After getting over several difficulties he succeeded in raising 
wheat varieties with great new possibilities. It seems that Agropyron elongatum has 
given the best results on account of its resistance to rust, mildew and loose smut, 
its great productivity and high resistance to salt. Prof. TsiTsiN has now got so far that 
he will be able to introduce successively new varieties of different nature, viz. spring 
wheat with a great drought resistance; winter wheat varieties with great cold resis- 
tance; wheats suitable for salty soils; perennial wheat varieties which can also partly 
be used for green fodder and finally wheat varieties suitable for feeding. 

These varieties would also possess great resistance to various diseases and excel 
in high yields. Some of them produce good yields in the ordinary wheat areas, others 
permit wheat cultivation in regions where formerly only “farmer’s races” of rye 
could be grown and there gave a poor yield. 

The perennial wheats at the exhibition had just been mown and some plants were 
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developing new tillers. However, they could not be judged in this stage, though there 
were great differences in the degree of tillering. Prof. TsiTsIN said that it would take 
several more years before these wheats have reached a stage in which they can be 
distributed to the growers. He seems to attach more value to the creation of wheat 
varieties with a high yield of grains of good quality than to raising a new fodder crop. 
A eross with Agropyron repens did not succeed at first, but forms from Siberia 
yielded good results. For the rest there are great differences in every Agropyron 
species, while the wheat variety used for crossing or backcrossing has much influence. 
Some of the new varieties seem to possess a high protein content of high feeding 
value, contrary to that of the legumes. The wheat varieties which have originated 
from these crosses are very differently shaped. Some of them are of the Triticum 
compactum type, while the productivity of others is due to the great number of kernels 
per spikelet. Crosses of Agropyron and rye [or (Agropyron x wheat) x rye]* have 
given a plant resembling rye. The flour derived from its grain can be baked like that 
of wheat. The kernels are very small, however, and much breeding work will have 
to be done to raise a variety suitable for practice. TsirsiN declared that, in his opi- 
nion, there are still an abundance of forms in the wild state which can be utilized for 
future plant breeding. MICHURIN has shown us the way to turn them to account. 


2. EXPOSURE TO EXTERNAL CONDITIONS FOR SELECTION 


DARWIN is held in great veneration by the Russians. MARX and ENGELS already 
realized that DARWIN’s teachings would exert a great influence, not only in the field 
of biology, but also in social and religious matters. In the mind of the Russians, 
Darwinism is a revolutionary doctrine founded on the basis of the laws of materia- 
listic dialectics. The Russians feel themselves called upon to continue the work of 
DARWIN and to supplement it. But, if DARWIN is honoured by having liberated biology 
from theology and old dogmas, those who want to carry on the teachings of Darwi- 
nism must guard against the influence of policy and new doctrines in biology. 

The reverence given to DARWIN has undoubtedly stimulated the opinion that plant 
breeding can only be successful under conditions to which the varieties will be exposed 
later on. MicHuURIN has repeatedly pointed to the local significance of varieties. It is 
possible to work with material from different parts of the world, but the creation of 
new varieties will have to be carried out locally. 

DARWIN strongly emphasized natural selection and also other western plant- 
sociologists, geneticists and breeders consider natural selection as an active force 
which not only plays an important part in wild species, but also in the populations 
of our cultivated plants. 

When Russian workers are asked whether external conditions exert a selective 
influence only or whether they can also change the genetical constitution, the answer 
is mostly very cautious. None of them denies the high value of natural selection, but 
many of them are not inclined to exclude the inheritance of acquired characters. In 
trials on the vernalization of rye and the elimination of the selection factor, very re- 
markable things seem to have been found. Especially hybrids in a young stage of 
development would have given surprising results. 

Lt Of which Il am not quite sure. 
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One of our hosts had a very practical opinion about the matter and made a remark 
of the following trend: whether natural selection or acquired characters have the 
greatest effect is immaterial. The point is to find varieties adapted to the local soil and 
the local climate. Therefore the authorities have more and more decentralized the 
trials and the breeding work. It is advantageous to centralize scientific investigation 
and the collection of material, and also in part to build up populations for selection 
on a centralized basis, but ultimately conditions vary from region to region and from 
year to year to such an extent that breeding work with the aim of raising varieties for 
practice can only be successful in a limited area by conducting comparative trials 
locally and for many years. 

In connection with the above it is perhaps interesting to describe how, at a research 
station not far from Moscow, the raising of better lucerne varieties for that particular 
region is being attempted. At first the improvement of existing varieties by comparing 
several families was tried, but this method had no success. At present Medicago sativa 
and Medicago falcata of different origin are sown as a mixture, thus resulting in spon- 
taneous crosses between different sources of these two species. The resulting seed is 
sown in adjacent rows or plots and after some years it is ascertained which popula- 
tions satisfy best. This lucerne is then sown in the area where it is intended to in- 
troduce or improve its cultivation. 

The same method seems to be applied in grasses and other fodder crops which are 
especially intended for new regions. It is my personal opinion that natural selection 
will play an important role in these instances and that the results will depend on the 
combinations chosen. In addition, a certain heterosis effect can also exert a favourable 
influence. It is difficult to judge in how far the highly complicated mixture of geno- 
types is an advantage in the production of a good harvest under varying conditions. 
The plots 1 saw certainly made a very heterogeneous impression in regard to plant 
type, leaf form and flower colour. According to the opinion of many Russians, the 
use of species and provenances from different origin has also been one of the reasons 
for the successes attained. 

In answering the question regarding the course they intended to adopt in the future, 
they said that perhaps in a few year’s time a family breeding system would also be 
initiated in order to obtain very particular properties such as disease resistance or 
high yield, but in that case from material which for years had had an opportunity 
to adapt itself to the particular demands of soil, climate and utilization of the region. 


3. EXPOSURE TO EXTERNAL CONDITIONS FOR THE ATTAINMENT OF PERMANENT MODI- 
EICATIONS (TRAINING) 


Although, in my opinion, MICHURIN owes his success in the first place to hybridi- 
zation, yet he attached great value to external conditions under which the seedlings 
grew up from their youth onwards. 

Because grafting has played such an important part in these things, 1 have a few 
times mentioned the problem of vegetative hybrids. It seems to one that this word is 
not always used in the same sense. In using this word, a hybrid is sometimes meant 
which could be compared with a hybrid obtained by crossing, so as a consequence 
of sexual reproduction. In most cases, however, one should think of the modifications 
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which can occur after grafting. Undoubtedly, MICHURIN has in many cases only 
meant to point to the changes which are often seen to occur both in rootstock and in 
scion. Without doubt, MICHURIN deserves credit for the choice of the best rootstocks 
for the various fruit trees. 

Much attention to the problem of rootstocks is also given by nurserymen and 
research workers in other countries. Many established experiences of nurserymen 
have been confirmed, and new methods have been introduced and new material 
adopted. The influence of the rootstock was considered so important that regulations 
have even been made in Western Europe to guarantee the type and health. The root- 
stock has a great influence on development, time of maturity, yield and quality of 
fruit. These changes which are considered as modifications in western countries, are 
also described as vegetative hybrids by MICHURIN. He writes that in using cuttings 
of such trees, the influence of the rootstock still works in the tree which develops from 
the grafting. So far MICHURIN’s ideas can be agreed with, however deceptive the word 
hybrid may be in this connection. (Some workers in Western countries also raise 
objections to the application of the word vegetative hybrid to periclinal chimaeras 
produced by grafting.) MICHURIN further reports that the greatest changes are ob- 
tained in young or relatively young plants, and therefore from plants which have been 
recently produced from seed. The influence should be greatest in offspring obtained 
by crossing (sexual) because these hybrids can still change in different directions, pro- 
vided they are not too old. Old stabilized trees are influenced to a far lesser degree 
according to MICHURIN. 

Besides the influence of the rootstock (or eventually of a mentor), other external 
conditions can be also decisive for the development of the seedling and its value. 
We have now come to the conception of “training” which essentially comprises a 
development of the seedling in a direction favourable to man. The favourable prop- 
erties obtained are maintained by vegetative propagation, so also by grafting, etc. 
MICHURIN reports several times that after some years he removed his garden to an 
area with sandy, poor soil because there the seedlings grow slowly and can later 
better resist unfavourable circumstances, especially frost. Elsewhere he advises plant- 
ing the seedlings on western slopes in order to obtain a later flowering in spring. This 
tends to presume that all sorts of properties are strongly dependent on the conditions 
prevailing in youth. The cultivation in not too rich a soil agrees with the experience 
of nurserymen that with excessively rich nutrition in the juvenile stage, quick growing 
plants are obtained which do not stop growth in time and are therefore easily damaged 
by frost. 

The difficult problem for western genetics is MICHURIN’s view, that the position 
of the flowers on the trees and the external conditions during the fertilization really 
influence the offspring arising by sexual reproduction. Further that the modifications 
(in the western sense) caused by rootstock or other circumstances are entirely or 
partly transmitted to the sexually reproduced progeny. This leads to a theory advo- 
cated by LysENKOo which has caused so great a commotion principally because of its 
fanatic defence, but has encountered little sympathy. 1 even believe that this has 
reduced the appreciation which MICHURIN deserves as an excellent breeder and 
energetic research worker. 
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4. EXPOSURE TO EXTERNAL CONDITIONS IN ORDER TO CHANGE THE GENETICAL CON- 
STITUTION 


We are not surpised that the methods used by MICHURIN to improve his fruit trees 
were also tested for crops which as a rule are propagated by seed. I have mentioned 
the work of TsrsiN as an example and also the aim to decentralize the breeding work 
in order to proceed under local conditions, which can also partly be ascribed to the 
influence of MrICHURIN’s teachings. The graftings of MICHURIN have stimulated re- 
search workers to conduct experiments with many other crops. 

1 had hoped to see at the exhibition an example of the well-known tomato grafts 
which would confirm the heredity of acquired characters. I saw pictures, but no living 
plants to demonstrate this assertion. An apple tree, raised from seedlings of a tree 
which had been grafted on a pear, was not very convincing. Elsewhere, too, there was 
but little material available to prove this. At Kiev we were shown a remarkable case. 
A common round pea (Pisum sativum) had been grafted on a broad bean (Vicia faba). 
The seeds of the resulting plants were large and angular and bore a close resemblance 
to our marrowfats. These characters proved to be maintained in further generations. 

Furthermore we were shown a great number of graftings of sugar beets. A plant in 
a young stage is grafted on an other young plant by a cleft-craft. The success of this 
sort of grafting was well demonstrated in the case of a red beet grafted on a sugar 
beet. Red beet tissue was grown together with the tissue of the sugar beet. 

According to the Russians, it is possible to influence one beet by another in this 
way, depending on the method of grafting and further treatment. A highly productive 
new sugar beet variety with a high sugar content would have been obtained by this 
method. 

Following MICHURIN’s theory, that the hybrid embryo in particular should be 
highly susceptible in a very young stage, a Russian investigator reported the following 
trial. Half of the kernels derived from a cross between two wheat varieties (i.e. kernels 
containing an F‚ embryo), had been sown in autumn, the remaining half in spring. 
The harvested grain of both lots was sown before winter. It appeared that the wheat 
which in the first generation had been sown in spring, was destroyed by frost, while 
the other half had largely resisted the cold. The ears of the two groups were also 
differently shaped, which really does not enhance confidence in the accuracy with 
which such trials were carried out. 

From a plant obtained by grafting a Solanum tuberosum on a Solanum acaule, a 
tuberosum type appeared which possessed a fairly good cold resistance, corresponding 
to that of acaule. When Il asked whether this was a real vegetative hybrid, in such a 
sense that properties of the rootstock had been transmitted to the scion, they answered 
that it might also be a periclinal chimaera. 


FINAL REMARKS 


The Russian workers in general consider the word Michurinism in a broader sense 
than LysENKO has reported. Apart from training and acquired characters, in Russia 
more attention has presumably been given to interspecific and intergeneric crosses 
than in western countries. Plant breeding is highly evaluated in reclaiming new areas 
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or introducing new crops. The application of natural selection in plant breeding is 
also successfully effected in other parts of the world. 

Mendelism is not abandoned by everyone. However, it is understandable that only 
little could be explained by Mendels Laws, as MICHURIN worked largely with fruit 
trees. Also species and genus crosses are not suitable to explain them. 

So there are many points of agreement, but there are also differences of views and 
it is not easy to indicate how the Russians themselves think about it. The greatest 
obstacles are the following Russian interpretations: 


a. The position of the flower and the external conditions during fertilization greatly 
influence the nature of the progeny. 
b. the recognition of the heredity of acquired olet 


The disparagement with which some Russians write about Mendel’s “pea law” 
might tempt others to speak distrustfully about the “tomato case” of LYSENKO. 
However, this would not serve the purpose of objective experimentation and objective 
interpretation. The most sensible solution for “West” and “East” would probably be, 
to adhere to the words of MICHURIN himself, when he said, in 1924: “I by no means 
deny the merits of the Mendelian law. On the contrary, Ll merely insist on the need 
to introduce amendments and addenda into it.” 

In 1925 he wrote: 

“lt is possible that in some cases IT may be wrong due to having erronously inter- 
preted various phenomena in the life of plants and the application of let us say the 
law of MENDEL or other modern teachings to them; but such mistakes are inevitable 
in every work and they cannot be of much significance since they will in all proba- 
bility be rectified by other investigators in the future”. 

These are the words of a man with a dynamic mind, striving for economical results, 
but who has yet deeply penetrated into the secrets of living nature and who has learnt 
to realize the limited value of any theory. He might even have objected to the preface 
of the book “1. V. Michurin, Selected works”, in which a follower of LysENKO says: 
“1. V. MICHURIN’s theoretical principles are irrefutable”’. 


SAMENVATTING 
Indrukken van de plantenveredeling en genetica in Rusland 


Tijdens een bezoek in Augustus 1954 aan veredelingsinstituten in de Sovjet-Unie 
werden enige ervaringen en indrukken opgedaan over de huidige plantenveredeling en 
genetica in Rusland. 

De grote nationale figuur op het gebied der plantenveredeling is MICHURIN. Het 
woord Michurinisme is te beschouwen als een verzamelbegrip, waarbij de volgende 
elementen te onderscheiden zijn: kruisen van ver van elkaar staande vormen; het 
blootstellen aan bepaalde uitwendige omstandigheden voor selectie; het blootstellen 
aan bepaalde uitwendige omstandigheden voor modificatie; het forceren van planten 
om de erfelijke aanleg te wijzigen (erfelijkheid van verworven eigenschappen). Schrij- 
ver geeft zijn indrukken omtrent de Russische opvattingen. 
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1. INTRODUCTION 


The testing of strawberry selections for viruses constitutes an essential part of the 
breeding work. Since strawberries are propagated vegetatively and some virus infec- 
tion may occur despite extensive control measures, the mother plants should be tested 
before being propagated. At our Institute the usual practice is to graft a runner of the 
test plant on to a runner of Fragaria vesca, the latter being used as an indicator for 
strawberry viruses. It is necessary to take more than one graft per plant, to make sure 
that the plant is free from virus, so several runners are required. Because of the divi- 
sion of work it is desirable to carry out these operations in the autumn and winter 
months, so runners should be available when the strawberry plants have entered the 
rest period. Runner production on Fragaria vesca never presented any difficulty, but 
there was some difficulty with the strawberry test plants. 

In the autumn and winter of 195253, the second writer tried, in connection with 
experiments carried out by BORTHWICK and PARKER (1), to produce runners on straw- 
berry test plants under about 1l-hr. days by interrupting the dark period, however, 
without any result. Hence the first writer was asked to find out why runners had not 
been produced. 

In view of the fact that strawberry plants will flower if the temperature is “low 
enough”, the obvious thing to do was to study the interrelation of temperature and 
day length in runner formation. At the same time it was desirable to ascertain when 
the plants should be brought indoors and the long day treatment begun. To simplify 
matters, the long day was not produced by interrupting the dark period, but by giving 
additional light directly following daylight. 

These experiments have shown that in autumn and winter sufficient runners are 
formed if the plants are placed under long days at a high temperature (23 °C constant), 
provided they have been brought indoors in time; under identical conditions at 17 °C 
runners were not produced at all. 

Now we know why the strawberry plants to be tested in 1952-53 did not produce 
any runners. In these experiments the temperature was about 17 °C, which is too low 
for runner formation to take place under long days. Unfortunately, BORTHWICK and 
PARKER (1) have not stated the temperatures used in their experiments. The conse- 
quence of their way of representing the matter may be, however, that runners fail to 
be produced owing to the temperatures being too low. 

In the course of our 1953-54 experiments we found that in 1937 DARROW (2) 
had already published on the effect of temperature and day length on runner produc- 
tion in strawberries. As will be seen from the discussion ($ 3) it is not likely that 
sufficient runner formation would have taken place, had we applied his findings. 
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2. EXPERIMENTS 


These were carried out in the phytotron of our Institute; details of the equipment 
will be published elsewhere. The strawberry variety Deutsch Evern served as a test 
plant. Only healthy, homogeneous clones approved by the Netherlands General In- 
spection Service for Arboriculture (N.A.K.-B) were used. In general the experiments 
consisted in transferring plants on 2 different dates (early Sept. and early Oct. 1953) 
from a cold frame to a glasshouse, and placing them under long and short days at 
17 °C and 23 °C respectively. At the beginning of Oct. 1953 some of the plants that 
had been brought indoors early in Sept. 1953, and grown under short days, were 
placed under long days at both temperatures. The experiment was finished on March 
11, 1954. During the whole experiment temperatures were kept constant. The short 
day consisted of winter day light; the long day of winter day light followed by weak 
incandescent light until 16 hours. The intensity of the incandescent light was about 
200 Lux, measured with a Dr. Lange photometer, standard type no 203/11, calibrated 
by the KEMA (Institute for testing electro-technical materials). The plants were 
observed from time to time, and the runners usually removed after each observation 
in order to avoid errors. 

Table I shows that, in our experiments, runners are only produced in long days at 
23 °C, hence there must be a distinct relation between temperature and day length in 
runner formation. In addition, the moment at which the plants were brought indoors 
and the long day treatment was started is of importance. Only on plants brought in- 
doors and illuminated from early Sept. 1953 at 23 °C were sufficient runners formed. 


TABLE |. TOTAL NUMBER OF RUNNERS UNDER LONG DAYS AT 17 °C AND 23 °C FROM THE BEGINNING OF 


THE ILLUMINATION TO MARCH 11, 1954, FIGURES FOR NUMBER OF PLANTS ARE GIVEN BETWEEN 
BRACKETS 
Krite, 2E 
Brought indoors in and illuminated from early Sept. 1953 . . . 0 (24 pl.) 104 (20 pl.) 
Brought indoors in and illuminated from early Oct. 1953 . . . 0 (25 pl.) 22 (24 pl.) 
Brought indoors early in Sept. 1953 and illuminated from early 
Oct, 1953 err Anes A er En 0 (24 pl.) 25(225p15) 


Plants grown under short days at both temperatures did not form any runners at 
all, but started to flower after some time and kept on flowering throughout the winter. 
Flowering also occurred among the plants that were grown under long days. The 
number of flowering plants in the experiment was smallest in the group brought in- 
doors in and illuminated from early Sept. 1953 at 23 °C, i.e. in the group of plants that 
produced the largest number of runners (see Table 1). After some time it became 
evident that temperature had a marked effect on the number of flowering plants under 
long days; their number was appreciably larger at 17 °C than at 23 °C. Temperature 
had little or no effect on the number of flowering plants under short days. 

Moreover, there were striking differences in the number of leaves and the length of 
the petioles, as is shown in fig. 1 and 2 for the groups brought indoors early in Sept. 
1953. Flower stalks were longer under long days than under short days. 
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Sn eeens 


FIG. 1. PLANT ON LEFT BROUGHT INDOORS EARLY IN SEPT. 1953 AND PLACED UNDER SHORT DAYS AT 
23 °C; PLANT ON RIGHT DITTO, BUT UNDER LONG DAYS. PHOTO TAKEN IN MARCH 1954 


Fig. 2. PLANT ON LEFT BROUGHT INDOORS EARLY IN SEPT. 1953 AND PLACED UNDER SHORT DAYS AT 
17 °C; PLANT ON RIGHT DITTO, BUT UNDER LONG DAYS. PHOTO TAKEN IN MARCH 1954 
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3. DISCUSSION 


From the experiment described in $ 2 it is quite clear that both temperature and day 
length are decisive factors in runner formation on strawberry plants in autumn and 
winter. In $ 1 we referred to the fact that DARROW (2) has already published on the 
effect of temperature and length of day on runner production in strawberries. As we 
already said, however, it is not likely that sufficient runners would have been produced, 
had we applied his findings. 

If we compare the results of DARROw’s experiments with our own, it appears that 
from Nov. 1 to March 30 DARROw obtained 72 runners on 27 plants (9 widely diffe- 
rent varieties of 3 plants each) at 60 °F (15,5 °C) under a 16-hour day. We obtained 
no runners at all in practically the same period at 17 °C under the same length of day. 
At 70 °F (21 °C), under a 16-hour day, DARROw obtained 312 runners on 27 plants. 
We obtained 105 runners on 20 plants at 23 °C under the same length of day, which 
is not even half that number. 

Assuming that the temperatures used by DARROW were kept sufficiently constant 
throughout the experiment, it would seem that the American varieties will produce 
runners at a lower temperature than the variety Deutsch Evern used in our experiment, 
which variety is known here to produce runners easily. 

It is also possible that a higher intensity of the additional light in DARROW’s experi- 
ment caused runner formation to take place at a lower temperature, for WENT (3) 
found that flower initiation at low temperature under long days can be suppressed if 
the intensity of the additional light is high enough. Unfortunately, DARROw has not 
stated the intensity of the additional light, which, in our case too, directly followed 
day light. In any case, only further experiments can enlighten us on this point. 


4. SUMMARY 


In order to test strawberry selections for viruses, for which runners are necessary, the 
second writer tried, in connection with experiments carried out by BORTHWICK and 
PARKER (1), to produce runners in the autumn and winter of 1952-53 by interrupting 
the dark period, however, without any result. Experiments carried out in 195354 
have shown that too low a temperature was the cause of this failure, for runner 
formation in autumn and winter is dependent not only on day length but also on 
temperature. 

In the course of our 1953-54 experiments we found that in 1937 DARROW (2) had 
already made mention of the interrelation of temperature and day length in runner 
formation. However, it is not likely that sufficient runner formation would have 
taken place, had we applied his findings. 


SAMENVATTING 
Uitlopervorming aan aardbeiplanten in de herfst en winter 


Voor het toetsen van aardbeiselecties op virusziekten, waarvoor uitlopers nodig 
zijn, is door de tweede auteur, in verband met proeven van BORTHWICK en PARKER (1), 
getracht in de herfst en winter van 1952/’53 uitlopervorming te bewerkstelligen door 
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middel van nachtonderbreking, echter zonder resultaat. Uit proeven van 1953/°54 
is gebleken, dat een te lage temperatuur de oorzaak hiervan is geweest, want uitloper- 
vorming in de herfst en winter is niet alleen afhankelijk van de daglengte, maar boven- 
dien van de temperatuur. 

Tijdens onze proeven van 1953/54 bleek, dat DARROWw (2) reeds in 1937 mededeling 
gedaan heeft over het verband tussen temperatuur en daglengte op de uitlopervorming 
bij aardbeien. Het is echter niet waarschijnlijk, dat door toepassing van zijn resultaten 
in ons geval voldoende uitlopervorming zou hebben plaats gevonden. 
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1. INTRODUCTION 


It is the ideal of the breeder to produce good varieties in as short a time as possible 
and with the aid of a minimum of land, capital and labour. In order to realize this 
objective it is necessary to develop efficient selection methods, which separate the 
desirable genotypes from the undesirable ones reliably and at an early stage. The 
theoretical aspects of this problem with some important factors affecting the selection 
possibilities in different generations are dealt with in this article. For self fertilizing 
crops, the merits of the principal selection methods are discussed and indications of a 
means to improve their efficiency are given. 


2. GENETICS AND YIELD 


The breeding objective of ariable crops is as a rule the production of plants that 
give a high yield per unit area of land. An approximately ideal highly productive plant 
can be considered as a physiological system which is carefully balanced by quanti- 
tatively harmonizing effects of many genetic factors. This great number of genes 
that affect yield necessitates working with large numbers of plants in order to obtain 
every possible gene combination. Because of the gene interaction mentioned, the 
cultural value (phenotype) of a heterozygous plant is not a reliable guide to the value 
of the lines which may be derived from it. In fact plants that might segregate valuable 
gene combinations after selfing, could easily get lost, if plants, dominant or inter- 
mediate for some detrimental genes, are eliminated from highly heterozygous popu- 
lations by means of phenotypic selections (1, 4, 9). 


3. HETEROZYGOSITY IN THE Fs 


In the F, obtained by selfing an n-fold heterozygous F,, 3" different genotypes 
may occur. Among every 4" plants (in the absence of linkage) 21 different homozygous 


genotypes may be expected to occur each once. The greater part of the plants in the 
Zo 
PLA Se x 100 % is therefore more or less heterozygous. 
The relative numbers of plants which possess a certain degree of heterozygosity 


1) The author wishes to thank Prof. Dr J. C. Dorsr and Mr M. Keurs for their helpful criticism. 
To the former he is also grateful for kind permission to publish this part of a M. Sc. thesis and to the 
latter for valuable mathematical suggestions and aid. 
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or homozygosity respectively, comply with the coefficients resulting from the working 
of (1 + IJn*, 

For increasing n, the number of heterozygous alleles tends to be normally distributed 
with mean $n and variance $n. At the same time all genotypes that deviate from the 
average heterozygosity tend to be rare. 

Valuable genotypes which are heterozygous for about half of the number of 
segregating genes may, therefore, easily get lost by selecting in small F, populations 
when breeding in crops which are difficult to cross. This will be the more so in the 
presence of linkage (2,5). 


4. THE ATTAINMENT OF HOMOZYGOSITY IN LATER GENERATIONS 


When selfing is continued, the relative number of homozygotes increases in the 
population. For the F, of a crop with 100 % selffertilization and no natural selection, 
the following formula can be deduced with the aid of MENDEL’s Laws: 


Expected number of n-fold homozygotes . ZA 

Uthe Es B 

Total number of plants ze MA 

Using this formula, the well-known S-shaped homozygous curves indicating the 

percentage of homozygotes in consecutive generations can be constructed. These, 
inter alia, are given by BANGA (2, p. 280). In practice, however, the attainment of 
homozygosity is less complete and is delayed by spontaneous intercrossing (2, 7, 8). 
Calculations of the degree of heterozygosity with a formula of LÖHNER (6, p. 61), 
however, show that these disadvantages have often been over-estimated. It may be 
concluded also that when some spontaneous intercrossing occurs in a population, 
the percentage of highly heterozygous plants decreases considerably. 


5. THE FREQUENCY OF THE BEST HOMOZYGOUS GENOTYPE 


In the F, population mentioned, 2" different homozygote genotypes can occur. 
From the formula given it follows that: 


Expected number of plants of the best homozygous genotype een B sal 
Total number of plants EEDE 
With the aid of this formula, the frequency of the best homozygous genotype in 
the F, (column 2) and in the F oo was calculated and is given in Table 1. (See p. 60). 
The figures in column 4 indicate the number of generations after which the fre- 
quency amounts to 90 % of that in the F oo. 
It appears from column 2 that it is improbable (even in the most favourable case 
when alle desired genes are dominant) that the breeder would succeed in isolating the 
best plant from the F, in a reasonable degree of homozygosity, assuming that the 


*) In this and all following formulae n always represents the number of independently segregating 
genetic factors in the population. The X occurring in the formulae indicates the number of the 
generation to which the formula applies (Fx). The p, if used, means the number of genes on which 
selection takes place. 
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grandparents, differ in more than 7 independently segregating genetic factors. In 
practice this number of genes is usually more than 7. 


TABLE |. THE FREQUENCY OF THE BEST N-FOLD HOMOZYGOUS DOMINANT GENOTYPE IN THE F> (COLUMN 2) 
AND IN THE co (COLUMN 3). THE VALUES INDICATED IN COLUMN 3 ARE THE LIMIT VALUES 
WHICH WILL BE OBTAINED FOR 90 O0 AFTER THE NUMBER OF GENERATIONS INDICATED IN 
COLUMN 4. (NATURAL SELECTION AND SPONTANEOUS INTERCROSSING IS PRESUMED NOT TO 
OCCUR IN THE POPULATION.) 


The frequency of the best homozygous | The number of gener- 
The number of genotype in the ations after which the 
indep. segreg. factors | limit value indicated 
F, Hoa, in column 3 is reached 
5 for 90 % 
n 100/4n 9, 100/2n 9, akte 
5 0.098 % SH 6 
7 0.006 % 0.8 % 7 
10 ‚_0.000.06 % OMR 8 
20 _0.000.000.000.04 % 0.000.1 % 9 
30 0.000.000.000.000.000. 1 % 0.000.000. 1 % 10 


Apparently the chance (column 3) of isolating the best type from a segregated 
population (column 4) in a homozygous state is, although considerably increased, 
also insufficient. In fact it may be concluded that neither a final selection made in 
F, or F3, nor a selection made within a segregated population in which no pre- 
selection was effected by man ($ 6 and $ 7) or by nature ($ 8), will be efficient. 


6. PRE-SELECTION IN CONSECUTIVE GENERATIONS 


The breeder might start in the F, with pre-selection by removing all plants that are 
homozygous for one up to a maximum of p recessive detrimental genes. Repeating 
this removal in every generation it can be calculated that 


Pelt 1\p 5 De 
ee) x 100 % of all plants are retained in the F,. 


The amount of this percentage for different values of x and p is indicated in Table 2. 


TABLE 2. THE EXPECTED PERCENTAGE OF PLANTS RETAINED IN THE Fx, AFTER REMOVING IN THE Fs AND 
SUBSEQUENT GENERATIONS THE UNDESIRABLE PLANTS, HOMOZYGOUSLY RECESSIVE FOR AT THE 
LEAST ONE AND AT THE UTMOST P DETRIMENTAL GENES 
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The frequency improvements resulting from the above outlined selections have 
been calculated. After continuous selection in F, up to F,‚ (F‚ not included) for p 
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Zele 
EE 100 % of plants will be homozy- 


gously dominant for these factors in the F,. If no pre-selection had been practised, this 


Sel 


independently segregating factors ( 


percentage would have been ( DR 
\ Xl 
formula is divided into the former we obtain the numbers Geer) P of Table 3. 
It is apparent from Table 3 that errorless pre-selection during some consecutive 
generations increases the frequency of the genotypes homozygously dominant for 


all p factors and, consequently, the frequency of the best genotype in the F‚ population 
to a considerable degree. 


x 100 %, according to $ 5. When the latter 


TABLE 3. BY SELECTION IN THE EF, AND UP TO AND EXCLUDING THE Fx ON P INDEPENDENTLY SEGREGATING 
GENETIC FACTORS, THE FREQUENCY OF THE BEST HOMOZYGOUSLY DOMINANT GENOTYPE FROM 
THE POPULATION IS EXPECTED TO BE MULTIPLIED IN THE Fx BY THE VALUES INDICATED IN THE 
TABLE 
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From Table 2 it follows, however, that using the described system of pre-selection, 
in consecutive generations an increasing percentage of plants will be retained. Thus 
applying the strongest selection in the most heterozygous generations has the disad- 
vantage that valuable gene combinations may be lost ($ 2 and $ 3). This disadvantage 
can be avoided if the breeder selects in the F, for a few well-known recessive detrimental 
genes and if he increases gradually in later generations this number of genes. 


7. GRADUAL SELECTION 


Gradual selection may be defined as a selection for a number of genes gradually 
increasing in subsequent generations and corresponding with a constant percentage 
of retained plants in every generation. The gradual increase of this number of genes 
in every generation can be calculated with the aid of the equations: 

R*, = SP; R* == RaPx S3P; in general: 
RE == IRE: Ei ele elkse 5 oe je Ĳ X DA 


In these formulae: ze 
100 R*,‚ — the chosen percentage of plants, retained in the F, after removing in 


X 


Be er and F, all plants which are homozygous for one up to pa, 
Pa + Pa Pa + Pa Pu: andes dek py, recessive detrimental genes 
respectively; 

Bren Teen Arn 
100 R‚P:+------ p,__, the percentage De p 
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in F, after removing in F‚ up to and including F, all plants that are homozygous 
for one up to a constant number pz + ....... Px 1 of detrimental recessive genes. 
The values of the different terms R‚P? t:-::---- p,__ may be seen from Table 2. 
pel zi 
De 
all plants that are homozygous for one up to ps +....... p„ detrimental recessive 
genes on which no selection had been practised in previous generations. The results 
of these calculations are shown in Table 4. 


IP Aen 
100 S‚Px the percentage of plants | X retained in F, after removing in F, 


TABLE 4. INCREASES Ps, P3, ….… Pe, (COLUMN 2) IN THE GENERATIONS F2 UP TO AND INCLUDING F6 
RESPECTIVELY OF THE NUMBERS (COLUMN 3) OF DETRIMENTAL DOMINANT GENES, ON WHICH 
PRE-SELECTION MAY BE APPLIED, IF ONE DECIDES TO RETAIN (AT SELECTION) AT LEAST 100 
R*, % (COLUMN 1) OF PLANTS IN EVERY GENERATION 


Increase of genes Total number of genes in generation 


100 R*, greater than: 
Pez Ps Pa Ps Pe F, F; F, F; F, 
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It is obvious that the frequency improvements, obtained after gradual selection 
according to Table 4 are the same as those shown in Table 3. Gradual selection is, 
therefore, as efficient as the selection in consecutive generations for a constant number 
Por Px genes as discussed in $6. Gradual selection, however, has 
obvious practical advantages and may be concluded to be the more satisfactory 
method of pre-selection. Since pre-selection has been shown to be necessary ($ 5) it 
may be recommended to utilize a pre-selection for a gradually increasing number 
of well-known genes, thus considerably enhancing the chances of a successful selection 
in later generations. 

The pre-selection which is effected by nature ($ 8) in every generation does not al- 
ways take place in a desirable direction. 


8. NATURAL SELECTION 


In natural selection certain genotypes are eliminated from a population which is 
propagated in the absence of special breeding measures, while the percentage of other 
genotypes increases. The principal interacting causes of natural selection will now 
be discussed. 


8.1. Natural selection through influence of environment 

Distinct genotypes often respond to a similar location in a different way; especially 
environment may offer better reproductive possibilities to one genotype than to 
another. A noticeable movement of genotypes in a population due to this cause is 
called natural selection by environment. The breeder can give direction to this 
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movement in so far as he can control the environment. By propagating a population 
under different climatic and soil conditions, a bias in one direction or another can 
be prevented and consequently an undesired natural selection by environment can 
be delayed. A favourable natural selection can be encouraged if the population is 
increased in an environment closely related to its future cultivation. Promoting the 
detrimental characteristics of the environment will give the natural selection the best 
opportunity of removing the undesired genotypes from the population. 
Some well-known applications of this procedure are as follows: 


a. The encouragement of natural infection and the application of inoculation methods 
to test disease resistance. 

b. The cultivation of the populations under unfavourable circumstances to test the 
drought resistance, etc. 


8.2. Natural selection due to differences in reproductive capacity 


The reproductive capacity of a certain genotype is defined by the number of seed 
bearing plants which is produced by that genotype under optimal conditions. 

The number of plants with a high reproductive capacity will increase at the expense 
of plants with lesser reproductive capacity in a population, provided that there are 
no differences in aggressiveness and in reaction to environment. In this case it is called 
natural selection by difference in reproductive capacity. 

In crops mainly cultivated for their seeds (the majority of self-fertilizing arable 
crops), the high yielding varieties are generally more favoured by this form of natural 
selection. There are, however, exceptions to this statement. Under natural conditions 
there is a tendency to produce a large number of seeds per plant and this property 
is often positively correlated with that for small seeds. The selection of plants giving 
a large number of seeds per individual can even run parallel with a population with 
a low yield of seeds. This adverse type of natural selection has been reported in wheat 
by PALMER (7). 

The characteristic for the production of small seeds is a desirable one in green fodder 
and green manure producing crops. Apart from these, the influence of natural selec- 
tion in this direction with crops which are principally grown for their vegetative parts 
is largely unfavourable. If the yield of marketable vegetative parts is negatively 
correlated with the seed yield, as may occur in flax, the fine and few-seeds-producing 
types are the most desirable ones. 

The unfavourable effects of this form of natural selection can be partly eliminated. 
In theory, this is possible by dividing the population into sections, each containing 
plants with approximately the same reproductive capacity. Apart from the large 
amount of work involved, this is usually inapplicable because the breeder has in- 
sufficient knowledge of his material. The elimination of strongly branched oil flax 
types from fibre flax populations can be mentioned as one of few practical appli- 
cations. It is also possible to prevent natural selection by differences in reproductive 
capacity by harvesting an equal number of seeds per plant. This procedure also 
involves much labour and can result in a loss of genes. 


8.3. Natural selection due to differences in aggressiveness 
In a bulked population, individuals with a rapid germination capacity, rapid youth 
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development and tillering ability will be favoured in the competition for space, food, 
moisture, light and air. 

Their reproduction possibilities are more favourable, so they will oust other less 
aggressive plants from the population. The most aggressive genotypes, however, 
are not always the most desirable ones. Some genotypes which make high demands 
on the environment and are much less aggressive under less favourable conditions, 
yet they appear to be valuable varieties. Apart from many Dutch examples, this 
experience has been cited by PALMER (7), who showed that from an artificial population 
obtained by mixing cultivated barley varieties, the highest yielding but least aggressive 
varieties had disappeared from the population after 16 years. 


9. SELECTION METHODS 


In $ 8 was deduced that natural selection has favourable as well as unfavourable 
features which can predominate, depending on breeding objective, crop and environ- 
ment. Valuable genotypes can easily be lost when applying the bulk selection method 
in a crop where an unfavourable natural selection dominates. Under such circum- 
stances the pedigree selection method should be advised. 

In applying the pedigree method as reported by HARRINGTON (3) the best plants 
are selected annually and are given much attention. Due to this individual treatment, 
the detrimental effects of natural selection caused by environment and differences in 
aggressiveness may be avoided for the greater part. This method is laborious and 
therefore expensive, however, due to the large numbers of separate lines that must 
be maintained from year to year. Confining this number of lines by annually dis- 
carding many plants has the drawback that valuable genotypes may easily be lost. 
Moreover, it is difficult to carry out a fixed annual programme of selecting the best 
plants since circumstances change from year to year. 

The last difficulty is largely encountered in the mass pedigree method designed and 
advocated by HARRINGTON (3) who maintains that the method can make the best 
use of the natural selection possibilities because of its flexibility. He increases the Fs 
in bulk (with or without the application of mass selection) until an opportunity 
occurs of reducing the population by about half in the F3, F‚ or F; by a selection in a 
favourable year. 

The remaining plants are then harvested separately; the various progenies are 
compared in the following year; the majority are eliminated and the remainder are 
combined to give a new population. After some generations a final selection pro- 
gramme is initiated. The detrimental effects of unfavourable natural selection in 
many crops, however, are a serious drawback to this method, while a loss of valuable 
genotypes during the selection in a still highly heterozygous F3, F4 or Fs is not ex- 
cluded. 


10. CONCLUSIONS AND SUGGESTIONS 


All the methods mentioned in $9 have the drawback that valuable genotypes, or 
plants capable of producing these genotypes, may be rejected. Theoretically, it is 
clear that this could be avoided by giving each plant individual treatment (in this 
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way preventing natural selection by competition) and by retaining a sufficient number 
of plants in every generation. In practice, however, the breeder is obliged at an 
early stage to remove plants, due to the often considerable number of seeds produced 
by a single plant. This removal may be carried out by selection as well as by dividing 
a population into equivalent parts after carefully mixing all the seeds which have 
been harvested. It is obvious, however, that a reliable selection will always be preferred 
to removing at random. The first may be effected the best by conducting resistance 
tests in the material successively or simultaneously. Since pre-selection for dominant 
detrimental genes cannot be recommended in the first generations (see page 61), the 
investigated susceptibility must be inherited simply and recessively. This condition is 
satisfied in a sufficient number of diseases. According to 87 it is recommended to 
increase the number of applied resistance tests gradually in later generations, thus 
retaining in every generation (theoretically spoken) a constant percentage of plants. 
The actual value of this percentage primarily chosen may depend on the number of 
viable seeds on the average produced by a single plant, on the number of F, plants 
and the area of land available, and according to the breeder’s view. Variations on the 
theme proposed, e.g. retaining in every generation a successively decreasing percentage 
of plants, thus applying an increased gradual selection, are also possible. 

After (increased) gradual selection during several generations the population may 
be supposed to be suitable for selection. Consequently the remaining plants are 
harvested separately. The next year, in considering visible characteristics, the breeder 
makes a rough estimate of the probable rate of heterozygosity in the separate rows. 

If this rate is not too high, yield estimations are carried out and the elimination 
of less valuable lines can then be considered. The prospect of combining certain lines 
can also receive consideration. It is better, as a rule, to carry on the work with 
separate drills and lines. It is the author’s opinion that this procedure eliminates 
the drawbacks of the bulk-method, the pedigree method and the mass pedigree 
method mentioned in $ 9. 


SUMMARY 


The question which selection method is most suitable for application in populations 
resulting from crosses of self-fertilizing plants is discussed. 

Some factors affecting the value of selecting methods in successive generations of 
a segregating population are reported. After extensive calculations ($ 28 7), the 
author concludes that the pedigree method, the bulk method and the mass pedigree 
method are not the most efficient ones, due to the small frequency of desired genotypes 
and to the possible loss of valuable genotypes by a wrongly directed natural or human 
selection. He suggests ($ 10) that the best method of making populations more 
suitable for selection lies in a pre-selection on a gradually increasing number of 
recessive detrimental genes during consecutive generations, which may be effected 
by conducting various resistance tests. The efficiency of the „gradual selection” 
procedure proposed is calculated to be high when compared to the above mentioned 


methods. 
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Over de efficiency van enige in kruisingspopulaties van 
zelfbevruchters gebruikte selectiemethoden 

Na een bespreking van enige factoren die van invloed zijn op de selectie-mogelijk- 
heden in verschillende generaties van een uitmendelende populatie berekent schrijver, 
dat zowel de lijnselectie in jonge populaties (pedigree method) als de lijnselectie in 
oudere populaties (bulk method) en het bijeen voegen van door lijnselectie in jonge 
populaties verkregen materiaal als uitgangspunt voor latere lijnselectie (mass pedigree 
method) onvoldoende waarborgen bieden dat het best mogelijke genotype door de 
kweker ook werkelijk uit de populatie geïsoleerd kan worden. Bij toepassing van be- 
werkelijke en daarom kostbare lijnselectie in jonge populaties wordt reeds in sterk 
heterozygoot materiaal op opbrengst geselecteerd. Afgeleid wordt ($2 en $ 3), dat 
dientengevolge gemakkelijk dragers van belangrijke genencombinaties verloren kun- 
nen gaan. Bij toepassing van de lijnselectie in oudere populaties kunnen door verkeerd 
gerichte natuurlijke selectie ($ 9) eveneens waardevolle genotypen uit de populatie 
verdwijnen. Beide gevaren bestaan in verminderde mate, indien het door lijnselectie 
verkregen materiaal bijeengevoegd wordt tot uitgangsmateriaal voor latere lijn- 
selectie ($ 9). 

Afgeleid wordt dat bovenstaande bezwaren het best vermeden kunnen worden door 
de jonge populaties te onderwerpen aan een beperkt aantal resistentie-tests en daarop 
geen andere selectiemaatregelen toe te passen. Daar een voorselectie op dominante 
schadelijke genen in de eerste generaties niet aanbevelenswaardig is ($ 2) dienen de op 
aanwezigheid onderzochte vatbaarheden recessief te vererven. Dit is met het meren- 
deel der resistenties het geval. Aanbevolen wordt deze voorselectie in latere generaties 
trapsgewijs uit te breiden over een groter aantal factorenparen (“gradual selection”, 
$7 en $ 10). Blijkens tabel 4 is dit mogelijk door in iedere generatie een constant of 
afnemend percentage planten aan te houden. Bij toepassing van de geschetste werk- 
wijze is de populatie reeds na enkele jaren rijp voor lijnselectie, zodat haar efficiency 
in vergelijking met die der gecritiseerde methoden hoog genoemd mag worden. 
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INTRODUCTION 


In the first article (2) a survey was given of the breeding of round blue peas. Mar- 
rowfats, dun peas and maple peas, however, are also important from an agricultural 
point of view. Marrowfats, in particular, are exported to Great Britain, whilst dun 
peas and maple peas are used for home consumption. 

The cultivation of agricultural peas in the Netherlands is based on Dutch varieties, 
just as was the case with the round blue peas. The author presents a survey of the 
results obtained by Dutch breeders. 

In the previous article (2) we mentioned the Fusarium solani foot disease. However, 
this disease appeared to be caused by a virus. In the Dutch List of Varieties of Field 
Crops 1955 this foot disease is indicated by „Topvergeling” (top yellows). It was first 
described in Germany under the name of “Blattroll”’ (= leafroll). 

Mr N. HUBBELING who has investigated the disease in the Netherlands, is ready to 
give a survey of the data (collected until now) on the resistance to the virus disease. 


MARROWFATS 


1. The Breeding Establishment in the Westpolder (Gr) 

In 1901, R. J. MANSHOLT started selection in “Harrison’s Glory”. A strain of it was 
introduced in 1905 under the name “Mansholt’s kortstro schokker”’. In later years 
this marrowfat was crossed with the “Zelka schokker”’. 

The “Emigrant” marrowfat was raised in 1952 from the cross “Unica” x ‘““Mans- 
holt’s kortstro schokker” made in 1928. “Emigrant” is resistant to fusarium wilt 
(Fusarium oxysporum f pisi race 1) and fairly resistant to top yellows (“Blattroll’””). 
Compared with the former ““Mansholt's kortstro schokker”, the seeds are rather 
small but it gives a higher yield. 


2. J.P. Wiersma, Leeuwarden 

J. P. WiERSMA introduced a few marrowfat selections, since 1919. The “Elsma”’ 
marrowfat was bred from his “Wiersma-Ypey’’ marrowfat. The former was placed 
on the List of Varieties in 1927. 


3. C. Koopman’s Breeding Establishment, Zierikzee 
In a description of C. Koopman’s Breeding Establishment (3) in 1937 it was said 
that the breeding of marrowfats, peculiar to Zeeland, had begun at the very foundation 


of the establishment. 
In 1925, the “Glory” marrowfat was introduced. It was a selection from the “Mans- 


holt kortstro schokker” (short-strawed marrowfat). 
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“Zelka”” marrowfat was bred from a cross between ““Mansholt’s schokker”” and 
“Krombek”, made in 1921. “Zelka” was placed on the List of Varieties in 1932 and 
also included in the French List of Varieties. “Zelka” is resistant to fusarium wilt and 
only slightly susceptible to top yellows. 

Apart from the productive, somewhat small-seeded ““Zelka”, KOOPMAN also bred 
a very large-seeded marrowfat, “Jumboka”, which originated from a cross between 
“Glory” marrowfat and “Mansholt’s vale capucijner”. “Jumboka”” was included in 
the List in 1935. 


4. Plant Breeding Station C. B, Hoofddorp 

C. KoOPMAN’s successful breeding work with marrowfats, carried out before his 
appointment as Director of the Plant Breeding Station C.B., is being continued. At- 
tempts are being made to link together the yield reliable characters of ““Zelka” and the 
large seeds of “Jumboka”’. From a cross between “Jumboka” and “Zelka’”, made in 
1931, strains have been obtained that meet these requirements quite well. “Big Ben” 
was placed on the List of Varieties in 1954. This variety is resistant to fusarium wilt 
and slightly susceptible to top yellows. 


DUN PEAS 


The local varieties “Groninger blauwpeul”’, “Platte vale” and ““Wijker vale” were 
grown in former times. These varieties have been almost entirely superseded by the 
short strawed dun peas. 


|. The Breeding Establishment in the Westpolder (Gr.) 


In 1886, J. H. MANSHOLT started selection in the local pea variety “Blauwpeul”, a 
rather long strawed variety with purple pods, which was originally imported from 
England. As the pod colour often faded to green, plants were selected with as many 
purple pods as possible. In 1894 the improved variety was introduced under the name 
““Mansholt’s blauwpeul””. In 1907 this variety was displaced by “Mansholt’s vroege 
Hollandse capucijner”’, but came back in 1911. 

Crosses were also made. In 1906, for example, a short strawed dun pea was crossed 
with the “Vroege Hollandse capucijner” mentioned above. An early rather long 
strawed dun pea, which originated from this early dun pea, was crossed with ““Mans- 
holt’s kortstro schokker”’ in 1914. The ““Mansholt’s kortstro vale capucijner” which 
was bred from this cross, was introduced in 1924. 

““Mansholt’s Hala” dun pea originated from a cross made in 1925 between “Mans- 
holt’s vale capucijner”’ and the varietal cross (“Vroege Hollandse’ dun pea x “Grauwe 
capucijner””) X “Mansh. kortstro schokker”’. This variety was widely grown during 
the war. “Hala” is immune from fusarium wilt, but susceptible to top yellows. 

A “white” flowering strain of “Hala” was introduced in 1953 under the name 
“Dolfijn”. This variety is resistant to fusarium wilt, but susceptible to top yellows. 


2. Plant Breeding Station C. B, Hoofddorp 
The Plant Breeding Station C.B. has been engaged in the improvement of dun peas 
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Harrisons Glory 


Mansh. kortstro 
schokker 
1905-1944 


Glory 
1925-1936 


Mansh. vale 
capucijner 


Jumboka 
1935-1943 


Big Ben 


Emigrant 
1954 


1952 


FIG. 1 GENEALOGICAL SURVEY OF THE MARROWFATS. 
(The data given in Figs. 1-3 indicate the year when the variety was 
introduced. If the variety is no longer grown commercially, the year 
when it was discarded is mentioned). 


Gele krombek 
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since 1935. Its chief aim is to obtain dun peas with short sturdy straw, reliable yields 


and good eating quality. 

““Aureool”’ dun pea was bred from a cross between “Unica” and “Hala”, made in 
1936. The consumption quality is considered good, while it shows considerable resist- 
ance to top yellows and is also resistant to fusarium wilt. 


Local variety 
Vroege Hollandse 
dun pea 


Local variety 
Blauwpeul 


Mansh. Blauwpeul 
1894-1913 


Mansh. 
vroege Holl. 
capucijner 
1907-1910 


Short strawed 
dun pea 


Vroege Hollandse 
en ae — X — dun pea X short 
SCORE strawed dun pea 


Long strawed 
dun pea 


EE 


Mansh. kortstro 
vale capucijner 
1924-1934 


Hala 


1933-1955 X— Unica 


Aureool 
1951 


FIG. 2. GENEALOGICAL TABLE OF THE DUN PEAS. 
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MAPLE PEAS 


In the province of North Holland, the local variety “Noord-Hollandse” maple pea 
has been grown for a long time. Selection was effected by several growers. The eating 


quality is very good. This local variety which is hardly being cultivated, has been 
written off the 1955 List of Varieties. 


L. The Breeding Establishment in the Westpolder 


“Mansholt's Fletumer’’ maple pea, bred from the same cross as ““Mansholt’s vale 
capucijner”’, was introduced by Dr R. J. MANsHOLT in 1923. “Mansholt’s Gruno” 
pea was bred from a cross made in 1922, between this variety and the “Noord- 
Hollandse” maple pea. As the quality of the “Gruno®” pea was considered inferior 
by the trade, a number of new crosses were made with varieties of good quality. 

Furthermore, a “white” flowering maple pea was selected from the “Hala” dun 
pea. It was introduced in 1951 under the name of “Tvora”. This variety is resistant to 
fusarium wilt, but susceptible to top yellows. The eating quality of this variety is con- 
sidered a little better than that of “Gruno”. 

Some time ago the breeding work done by Dr R. J. MANSHOLT passed into the hands 
of his youngest son Ir U. MANSHOLT. 


2. D. and R. Kool Bros, Andijk 


In a survey of maple peas, NiJDAM (5) makes mention of the fact that the local 
variety “Noord-Hollandse "maple pea had originally purple flowers, but that crimson 
flowering plants also occurred. 

Koor Bros. selected from this population a erimson flowering maple pea, which 
was introduced under the name ““Kool’s bleekbloei grauwe erwt”. This variety has 
superseded the local variety, but in its turn it had to give way to a form with nearly 
white flowers, the present “Noord-Hollandse witbloei”. Koor Bros. introduced a 
pure strain of this variety under the name “Kola rozijnerwt” in 1934, 


3. Plant Breeding Station C. B., Hoofddorp 


The Breeding Station C. B. bred the ““Vinco” maple pea from a cross made in 1935 
between “Noord-Hollandse” maple pea and “Zelka’, in 1947. Owing to its good 
resistance to top yellows and high yield this variety has come to be widely grown. 
“Vinco” has a good resistance to top yellows and is resistant to fusarium wilt; its 
eating quality could be better. 


4. Vegetable Research Station, Alkmaar 


Two varieties of maple peas which were bred at the Vegetable Research Station, 
Alkmaar, were placed on the List of 1955, viz. “Koroza” and “Eroica”. 

“Koroza” was bred from the cross “Zelka” x “Kola” which was carried out in 
1944. It has a good resistance to top yellows and is immune from fusarium wilt. 

“Eroica” was bred from a cross between “Gruno”’ and a short-strawed maple pea. 
“Eroica” is susceptible to top yellows, but immune from fusarium wilt and little 
susceptible to marsh spot. This variety equals the old land race in eating quality and 
has the advantage that the straw is not so long. 
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Hala 
Kola 
1934-1953 
Zelka Gruno 
1936-1954 
Zelka 
Vinco 
1947 Short strawed 
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1951 
Koroza Eroica 
1955 1955 


FIG. 3. GENEALOGICAL TABLE OF MAPLE PEA VARIETIES. 


VARIETAL RANGE OF AGRICULTURAL PEAS IN THE NETHERLANDS 


The varietal ranges for each of the 26 areas that have been marked for this purpose 
are published yearly in the Descriptive List of Varieties of Field Crops. The percen- 
tage of each variety is included and the total area devoted to the crop over the whole 
country from 1934 onwards given, with summaries on a yearly basis. 

It is quite clear from Table 1 that several varieties held their own for many years, 
but that more recently, a remarkable change has occurred in the assortment. New 
varieties, resistant to top yellows, have come to the fore. 
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TABLE |. VARIETAL RANGE FOR THE PRINCIPAL VARIETIES OF PEAS IN THE NETHERLANDS AND PERCENTAGE 
OF THE TOTAL AREA OF PEAS IN THE YEARS 1934-1954 


Round blue peas BEONE | Dun | Maple | | 

ë il 
DE! Re d 5 2 
Omg sl È Ei 5 
eon 5 Be © | s 5 Sleö 
EER Zer SNE gls Sl Elal 8e) 8 sales 
Es) © Bef En ss) E 8 © 5 af KS) la e) Ss SS 
aa enen A Di a en (OEI O NL EN O  SI ES 

| 

(OSL ES ZE LOR EA EZS EE TAZ EAS ASIN 24 | 408 
1935 SON 2e — — — | 26 | — 5 4 — s s — — — | 23 | 421 
ROS Omnjselml 2 = = — | 28 | — 2 3 — s 2) — — RAS 
NOS SANS Ne — … — | 29 | — 3 4 — s 3 — — — | 14 | 377 
IOS EENES SLS SON ES 2 8 | 346 
KOS ee Tee = = — | 30 | — SMO — Ss 2 s — = 7 [416 
1940 | 37 | 10 | — — — — | 26 | — Sm nl 2 — Ss 4 Ss — — 8 [381 
1941 | 40 9 | — — — — | 29 | — 1 6 — 2 6 l — — 6 | 430 
(OAD KAAR One el PSOne Sta peel 7 2e 4 | 386 
1943 | 43 6 | — Ss — SI — 2 — 1 9 3 — — 3 [314 
LOL CAA MEST SNES Sje Sn EG ZS 2 [269 
1945 | 44 DR MES 5 Ss — | 34 | — — 3 — 1 4 2 — — 2 1327 
1946 | 39 OMS 7 l s | 37 | — — 3 — 3 = — 3 | 288 
1947 | 38 ol 9 D ZARO En 4 = s 2 l — s 1 [258 
1948 | 29 sells, 3 6 | 30 | — — 7 — s 3 l — s 1 [225 
LOON ON SN NEZ ZONNE OSR ZON A ELSA EENS 2 [204 
1950 JNR SSA OREL ZINSEN EE AAE E12 AES AA BES RAA TME ned 1 | 244 
1951 SAN EN EAS a an le el 2e he 1D ES ES Sa? 2 | 257 
1952 2 22 3 10 giel — 12 5 s 2) s s l DZT 
1953 s le SOS 2 10 Ee B Mf 2 s s s s s 3 | 306 
ONE al ec BE 


EXPORT OF SEED PEAS 


Large quantities of seed potatoes, fibre flax seed, bulbs, etc, have found their way 
abroad. The fact that many Dutch varieties figure in foreign lists of varieties is an indi- 
cation in itself that foreign countries keep an eye on the results of Dutch breeding 
work. 

Table 2 gives a survey of the export of seed peas during the years 1948-1952. 


TABLE 2. SURVEY OF THE TOTAL OF CERTIFIED QUANTITIES OF SEED PEAS IN THE NETHERLANDS AND THEIR 


EXPORT 
f : Quantity of seed peas 
Certified in kgs exported en: kes 

TOALN EE Ta oen TE BODE oee ee 9,990,957 7,426,000 
OA SOR ne OMERTA 8,320,954 6,445,000 
VOTI Tertre EE ER NE 5,572,092 3,535,000 
OSS ETEN er DE ens 5,676,624 3,504,000 
(OSD SS NAE DANE OT 6,232,700 3,793 000 
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Blue peas and marrowfats were exported mainly to the United Kingdom, Western 
Germany, Belgium and Luxemburg. 

In order to promote the export of seed peas, communications on the choice of 
varieties are published in English, French and German. These Seed Bulletins for pulse 
are sent on application, free of charge, by the L.V.R.O., Postbox 32, Wageningen. 


ASSOCIATION FOR THE STUDY OF LEGUMINOUS CROPS (P.S.C.) 


Finally attention is invited to the Association for the Study of Leguminous Crops, 
established on the initiative of C. BROEKEMA, formerly Director of the Institute of 
Agricultural Plant Breeding at Wageningen. He stated in a-lecture in 1937 that since 
1900 there has been a tendency towards specialisation. In agricultural research we can 
observe considerable development and improvement, but it is unavoidable that many 
details of research are out of touch with practice. There is also a lack of harmony in 
the amount of attention devoted to various subjects and their practical importance (1). 

He was of the opinion that every important crop requires its own “subject associ- 
ation”’ to survey the actual situation, to formulate the problems that are to be solved 
by research, to make a programme for such research, to ensure that it is carried out 
and to make sure that all measures necessary to keep practical people informed about 
the results are undertaken. Eventually it would take over organisatory measures as 
well. 

The “subject associations” are to embrace scientific workers as well as practici from 
agricultural, industrial and trade circles. They will inspire scientific workers and at the 
same time mobilize a great number of practical brains in the national interest. The 
more practical people are concerned with the investigations, the sooner the results 
will find their way into practice. 

Thus BROEKEMA gave the impulse to the foundation of the P.S.C. The aim was to 
focus interest on the pulses and to promote co-operation between all parties concerned. 

The 15-year survey (1939-1954) proves that the work of the P.S.C., now established 
at the Institute of Horticultural Plant Breeding, S. L. Mansholtlaan 15, Wageningen, 
was also very useful to breeders. The most urgent problems are dealt with on a pri- 
ority basis, this priority programme serving as a directive for the work of the expert 
Ir R. P. LAMMERS. 


SUMMARY 


Several new varieties of marrowfats, dun peas and maple peas were bred by Dr 
R. J. MANSHOLT, Westpolder, Ir C. KOOPMAN and the Plant Breeding Station C.B. 
(Dir. Ir C. KooPMAN), Hoofddorp, over a period of years. 

Koor Bros., Andijk, and the Vegetable Research Station, Alkmaar, were engaged 
in the breeding of maple peas. 

The parentage of the varieties figures in the diagrams 1-3, while the varietal range of 
all the agricultural peas grown in the Netherlands during the years 1934-1954 were 
copied from the Descriptive List of Varieties of Field Crops (Table 1). 

The cultivation of round blue peas in the Netherlands is based on varieties of 
domestic plant breeders and this is also the case with the growing of marrowfats, dun 
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peas and maple peas. The Netherlands List of Varieties mentions only one yellow pea 
which is, moreover, exclusively cultivated for export. 

Attention is drawn to the significance of “subject’”’-associations. Several were foun- 
ded at the initiative of the late Prof. C. BROEKEMA e.g. the Association for the Study 
of Leguminous Crops. This P.S.C. has been doing much useful work during the last 
15 years. 


SAMENVATTING 


De erwtenveredeling in Nederland. 2. Schokkers, capucijners en rozijnerwten 


In de loop der jaren zijn tal van rassen van schokkers, capucijners en rozijnerwten 
gekweekt door Dr R. J. MANsHOLT te Westpolder, Ir C. KOOPMAN en het Veredelings- 
bedrijf C.B. (Dir.: Ir C. KooPMAN) te Hoofddorp. Gebr. Koor te Andijk en het 
Proefstation voor de Groenteteelt in de Vollegrond te Alkmaar legden zich toe op 
de veredeling van de rozijnerwten. 

De afstamming van de rassen is aangegeven in de figuren 1-3, terwijl de rassen- 
statistiek van alle in Nederland verbouwde landbouwerwten over de jaren 1934-1954 
aan de Beschrijvende rassenlijst voor landbouwgewassen werd ontleend (tabel 1). 
Evenals de teelt van groene erwten in Nederland gebaseerd is op rassen van eigen 
kwekers, is dit ook het geval met de teelt van schokkers, capucijners en rozijnerwten. 
De Nederlandse rassenlijst vermeldt slechts 1 gele erwt, die bovendien uitsluitend voor 
export wordt geteeld. 

De aandacht is gevestigd op de betekenis van object-associaties. Verschillende (o.a. 
de Peulvruchten-Studie-Combinatie) zijn tot stand gekomen op initiatief van C. 
BROEKEMA. De P.S.C. heeft in de afgelopen 15 jaren zeer nuttig werk verricht. 
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At the Institute of Genetics and Plant Breeding, Agricultural College of Norway, 
polyploids have been produced in several species, and here is given some information 
of the material treated and the methods used. 


RED CLOVER, TRIFOLIUM PRATENSE, X = 7 


Material. 37 strains or selected families have been treated, but in some of these no 
tetraploid material has been obtained, as shown in Table 1. 


TABLE | 

Number of strains or families 

where tetraploids 

treated are obtained 
Bocalsstramstomlatemedicloverrmn en 9 8 
StrardhybridsTnemnen ten A ES Ee 5 5 
Families selected from local strains. . ..... 9 8 
Samplesnotswildstediclover 9 0 
Eoreion:Stralns eneen nn 5 4 


Colchicine treatment 
a. Seed treatment 


Various methods with regard to pre-soaking of seeds, solution concentrations and 
duration of treatment have been tested. The method now applied is the following: The 
seeds are soaked in water for 24 hours, then transferred to petri dishes, where they 
are kept half soaked in 0.1 % colchicine solution for 48 hours or in 0.2 % solution for 
24 hours. 


b. Smeartreatmentof young seedlings 


The seed is sown in boxes in the greenhouse, and the seedlings are treated when the 
cotyledons have developed. A drop of colchicine agar solution is put on the growing 
point, 3-4 times, with 2 days interval. 


Solution: 2 parts of 2 % colchicine in water 
l part of 3 % agar in water. 


The solution is heated until fluid before smearing. 

By seed treatment a rather high percentage of the seedlings are killed because of 
inhibition of the root development. This trouble is overcome by the smear treatment 
of young seedlings. The number of tetraploids, in percentage of seedlings treated by 
the smear method, may be as high as the number of tetraploids in percentage of seeds 
treated by soaking. But compared on the basis of surviving plants, the seed treatment 
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has given a higher percentage of tetraploids. Usually only the plants which look most 
affected are chosen for breeding, and the rest is discarded without any further 
testing. In 1948, however, 3 strains were chosen for a check of all surviving plants. 
The seed treatment was: 24 hours in water, 48 hours in 0.2 % colchicine. The smear 
treatment of seedlings was as given above. Four months after the treatment, chromo- 
some counts were made in two leaves from each plant. Table 2 shows the results. 


TABLE 2 
Seed treatment | Smear treatment 

a b 
Number of seeds soaked (a), or seedlings smeared (b). . . | 434 432 
IND DEO SUE ISIPl AnES Ra 90 391 
Nema DE RO ite rap LOL Shen 53 | 26 
Tetraploids; % of seeds (a) or seedlings (b) treated. . . . DD) 6.0 
etraploidsa/motsumvivinsmlants en Ne 58.9 6.6 


A fraction of the plants, determined to be tetraploid at this stage, are usually 
chimeras which do not in all cases develop tetraploid flowers. It is not possible to give 
any exact data on the frequency of such cases; in our trial many of the plants died 
before flowering. 

There are indications that chimeras are more frequent after smear treatment of seed- 
lings than after seed treatment. Although many plants can be discarded immediately 
on the basis of morphological characters, the seed treatment saves labour in sorting 
of the material. Treatment of a higher number of seeds, so that a sufficient number 
of surviving plants is obtained, involves extra work. 


Further treatment of the material 


The first sorting of the treated plants is done on the basis of morphological charac- 
ters. All plants evidently not affected are discarded. A further sorting is based on the 
size of the pollen grains. One sample of pollen is taken from each head. Heads tested 
in this way are used for breeding, and cytological examination is undertaken in the 
next generation. 

Pollen grains are studied in a mixture of 1 part of aceto-carmine and 1 part of 
glycerol, or unstained, in dry condition. The size of pollen grains has proved to be a 
fairly, though not completely, reliable criterion of polyploidy. The largest pollen 
grains in the tetraploids have a diameter about 1.5 times that of pollen from diploids. 
In the tetraploids there is a much greater variation in pollen size, some grains being 
smaller than the pollen in the diploids. Stained in aceto-carmine the pollen grains are 
round, but in the tetraploids a small fraction of the grains has an irregular shape. In 
dry condition the pollen grains of the diploids are oval, in the tetraploid they are irre- 
gularly shaped. 

Concerning the reliability of pollen size as a criterion of tetraploidy, the following 
dates may be given: 

In the years 1948-50-51, cytological examinations were made on 54 families from 
pair crosses involving 64 plants with 536 seed producing heads. The chromosome 
counts were here made on all plants in each offspring. Usually pollen from more than 
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one head was used for pollination of each mother head. Thus pollen has been exam- 
ined in a minimum of 1072 heads, but the number is possibly nearer to 1500. No 
diploid plants were found in the offspring. It should be noted that the offspring from 
some crosses, not included in these 54 families which gave only a small number of 
seeds, were not examined. It is possible that a few undiscovered mistakes have been 
made, but the number is no doubt small. 

In 1952, 17 chimera plants were used in pair crosses, pollinating tetraploid by tetra- 
ploid and diploid by diploid heads, as judged from pollen size. Because of shortage of 
pollen in the tetraploids, at least two pollen heads were used for each mother head. 
One out of 76 heads from tetraploid pollinations produced diploid plants. Calculated 
on the basis of 2 pollen heads for each mother head, the probability for 2x off- 
spring is 

q° + 2pq® 

p* + 2p'q + pa’ + q° 


p — frequency of 4x heads 
q — frequency of 2x heads 


Solving this equation by the maximum likelihood method gives a value for q of 
0.0797, or about 8 % erroneously classified heads. In the diploid pollinations 2 out 
of 69 heads gave tetraploid seeds. One pollen head was used for each mother head, 
and the error in classification may here be 14.8 %. In the same material some mistakes 
were also detected in seed from 60 open pollinated plants, after pollen examinations 
of the mother heads. 

These errors may be due to wrong classifications of the pollen grains. There is also 
a possibility that chimeras may occur within one head. This is observed in one case. 
Usually only one flower of each head is examined, and chimera heads will not be 
detected. Chimera plants were most frequent in the material where the mistakes are 
observed. 

No triploids are recorded with certainty. A few plants were first determined to be 
triploids. But on reexamination of the chromosome number of some of them, these 
proved to be tetraploids. Neither are any triploids obtained from crosses between 
tetraploid and diploid plants. In 15 tetraploid plants, used as mothers, 40 heads with 
at least 60 flowers each, were crossed with diploids. This makes a total of 2400 flowers 
pollinated. Ten plants gave no seeds, and 5 of them gave altogether 6 seeds, which all 
proved to be tetraploids. Ten diploid plants were used as mothers, -and 30 heads with 
a total of about 1800 flowers were crossed with tetraploids. Twelve diploid seeds were 
obtained, all from one plant. These 17 seeds, which all have the same chromosome 
number as the mothers, are probably due to self-fertilization. 

In seed harvested in a field, where diploids and tetraploids were planted in adjacent 
rows, chromosome counts were made in 122 offspring from diploids, and in 185 off- 
spring from the tetraploid plants. All of them proved to have the same chromosome 
number as the mother plant, except one, which was aneuploid. 

2x X 4x crosses therefore seem to be infertile, and it is possible that the low fertil- 
ity in the crosses from 1952 and in some of those from earlier years is partly due to 
such crosses. 

The cytological examination, which follows in the next generation, was from the 
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beginning undertaken in every plant. Later on the simplification has been made of 
examining one or a few of the smallest seeds of each head. It is assumed that if these 
are tetraploid, the rest of the seeds of the same head will be so too. As by the testing 
of pollen grains, also here is the risk that occasionally chimera heads may occur, giving 
some diploid seeds not discovered. But diploid and tetraploid seeds in the same head 
will result only after pollination of a chimera head with both diploid and haploid 
pollen, and reexamination of the chromosome number in later generations will have 
to be done in any case. 

The fertility in the induced tetraploids has shown to be very variable, but as a 
whole low as compared with the diploids. By hand-pollinating of 581 heads of 105 
plants in the greenhouse in the years 1948-50-51-53, an average seedset of 15.4 seeds 
per head was obtained, the lowest being o and the highest 57. 

The earlier mentioned 17 chimera plants which were used for pair crosses in 1952, 
were kept outdoors in insectproof cages. In 10 pair crosses pollinations were made 
between tetraploid heads and between diploid heads, based on pollen size. The average 
number of seeds per head in 88 tetraploid heads was 3.8, varying between the crosses 
from 0.7 to 8.6. For 87 diploid heads the average number of seeds per head was 24.3, 
varying from 10.1 to 42.0. 

From these crosses 8 tetraploid and 8 diploid F, families were obtained, which 
makes it possible to compare tetraploid and diploid families from the same parent 
plants, and studies are being made on the effect of chromosome doubling in this 
material. 

Only in a few cases attempts have been made to reproduce each of the strains in a 
tetraploid form. Cross pollinations in the greenhouse have been made between selected 
plants within and between strains. Seed has also been harvested from open pollinated 
heads of treated plants in a field plot. 

F, families from pair crosses have been planted in polycross fields. Seeds from open 
pollination of single plants have been treated in the same way. A large number of 
polycross offspring in their first, second and third generations are now being tested, 
and have in some cases given good results. Report on these trials will be given elsewhere. 


ALSIKE CLOVER. TRIFOLIUM HYBRIDUM. X — 8. 


Material. Tetraploids are obtained in 11 local strains and in | Danish and 1 Swedish 
strain. 

Methods. The same methods as for red clover are used, though the strongest seed 
treatment used in this material is 0.1 % colchicine for 24 hours. 

Sorting of the material is done in the same way as in red clover. Crosses are made 
within and between strains, the offspring has been planted in polycross fields, and 
are now being tested. After open pollination of treated plants 2 triploids have been 
observed. 


TURNIP. BRASSICA RAPA RAPIFERA. X — 10. 
Material. Tetraploids are obtained in the following varieties: 
Yellow Tankard, Vidarshov I 
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Yellow Tankard, Roskilde IX 

Bortfelder, Weibulls orig. Tellus 

Bortfelder, Vidarshov I 

Weibuls Immuna II 

Dales hybrid 

Kvit Mai 

Some hybrids and the following varieties are now being treated: 

Dales hybrid, Roskilde 

Hestturnips, Roskilde VII 

Majturnips, Roskilde B 

Weibulls Immuna UI 

Blaukop C.B. 

Methods: The most successful method has been seed treatment, as given for red 
clover, with a O.l. and 0.2 % solution for 48 hours. Colchicine-agar applied to old 
plants has been tried without success. The roots were planted in the greenhouse in 
spring. When growing rapidly, the growing points of the shoots were smeared with 
colchicine-agar, concentration as given for red clover seedlings. As soon as the side 
shoots appeared, they were also smeared, and the treatment repeated several times. 
However, the shoots either died, or they were not sufficiently affected, giving only 
diploid seeds. 4 

Sorting of the material has been done on the basis of morphological characters, 
partly also on chromosome counts. Pollen size has been used for selecting branches 
for pollination and seed harvesting. The pollen size shows more variation in turnip 
than in clover, but yet gives a fairly good indication of the chromosome number. 
Seed is harvested from branches tested in this way, after cross pollinations within or 
between varieties. Chromosome counts are made in the next generation either on all 
seeds, or on a few seeds from each branch. 

After hand pollination between diploids and tetraploids, no triploid was recorded. 
The flowers were not emasculated, and a few seeds which were obtained were either 
diploid or tetraploid, according to the mother plant. Two triploids are, however, 
detected after open pollination of the treated plants. These have by crossing given 
some aneuploid offspring. 


SPINACH. SPINACEA OLERACEA. X — 6 


Material. Tetraploids were obtained in the following varieties: 

Forste Snitt 

Kongen av Danmark 

De Gaudry 

Viking 

Methods. Smear treatment of young seedlings as given for red clover, has given 
good results. 

Seed treatment after removing the perianth is also being tried, but with less success. 

Sorting of the plants is done on the basis of the size of the stomata cells, and for 
the male plants also on the basis of the pollen grains. The stomata cells seem to be a 
better criterion than the pollen size, though none of them have proved to be quite 
reliable. 
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Seed is harvested after open pollination of the treated plants, and chromosome 


counts are made in every plant in the offspring, in which a large proportion of triploids 
have been obtained. 


LETTUCE. LACTUCA SATIVA. X — 9 


Material. 16 varieties of lettuce have been treated. Tetraploids are, however, ob- 
tained in only 5 of them: 

Maikonig 

Victoria 

Keiser Driv 

White Boston 

Amerikansk Plukksalat. 

Methods. Seed treatment is used as for red clover, but 0.5 or 0.1 % colchicine for 
24 hours seemed to give a better result in this material. 

The treated plants are tested in the same way as given for red clover. The pollen 
grains seem to be a fairly reliable criterion of tetraploidy. 

Seed is harvested after self-pollination. The fertility is very poor; many plants have 
given no seed at all. 
Some tetraploids of the variety Victoria were in 1951 grown for comparison with 
diploids. The seed was sown in a greenhouse on April 14. Chromosome counts 
were made in every plant, and in May they were planted in frames together with 
diploids. 

The tetraploids were soon taller than the diploids. On June 24, nearly all the diploids 
had firm heads, while the tetraploids had a loose bundle of large leaves, darker green 
than the diploids, and did not head at all. The tetraploids bolted later than the diploids. 


WINTER-RYE. SECALE CEREALE. X — 7 


Material. Tetraploid varieties have been made of the following varieties: 
Vasa II 

Petkus II 

Kungsrâg II 

Stálrâg 

Grârug 

Bjornrug 


Methods 

a. Seed treatment. Also here seed treatment as given for red clover has been tried; 
a colchicine concentration of 0.1 % for 48 hours or 0.2 % for 24 hours. Some tetra- 
ploids were obtained in this way. The next method seemed, however, more successful. 

b. Immersion of young seedlings (method used at Svaiov, Sweden). The seed is 
germinated in sand. When the coleoptiles are about 5 mm long, the seedlings are 
fastened side by side to strips or corrugated paper, by putting the seeds into the holes 
along the edge of the paper, with roots and coleoptiles outside. The paper strips are 
then placed in petri dishes with a colchicine solution, the seedlings upside down, so 
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that only the coleoptiles are directly affected. Treatment with 0.2 % colchicine for 20 
minutes has given good results. 

As the size of the pollen grains showed a great variation, the pollen grain method 
has not been used in the sorting of plants in this material. This is done on the basis of 
morphological characters, especially on the seed size, and chromosome counts are 
made on each seed in the offspring, or on one or a few seeds of each head. The tetra- 
ploid strains are now being multiplied for testing, and breeding is started. 


CYTOLOGICAL METHODS 


Cytological examination is undertaken either in the treated plants and in their off- 
spring or in the offspring only. In cases where only a few seeds of each head have to 
be examined, the seeds are germinated on filter paper, and chromosome counts are 
made in the primary roots. For these, no pre-fixation is used. When each seed has to be 
examined, the seed is sown in boxes or in small pots, and root tips or young leaves are 
fixed in acetic-alcohol. For mass examination, when the task is to distinguish between 
tetraploids and diploids, and exact counting is not essential, young leaves are usually 
preferred, as in them more cell divisions occur than in the root tips. However, the 
latter give better preparations, and are preferred when exact counting is necessary. 

As stain is used 2 % lacmoid or 1 % orcein, both in 45 % acetic acid. When a good 
trade mark can be obtained, lacmoid is usually preferred. Squash preparations are 
made in the following way: The root or leaf is gently heated over a spirit-flame in a 
solution of stain and 1 normal hydroecloric acid, in a ratio of about 10:1. The amount 
of hydrocloric acid as well as the duration of heating may be varied according to the 
hardness of the material. The object is transferred to a slide, a drop of fresh stain is 
added, the coverslip put on and pressed. 

By altering the degree of hydrolyzation, this method has been successfully used 
for all the material mentioned. 

For root tips are also used squash preparations stained with nigrosin; the method 
is the one described by G. VON RosEN. (Hereditas 33 (1947): 567-570). 


SUMMARY 


Methods for colchicine treatment used at Institute of Genetics and Plant Breeding, 
Agricultural College of Norway, by producing tetraploids in the following species are 
described: Red clover, alsike clover, turnip, lettuce, spinach and rye. 

Methods used for sorting the treated material, multiplication and cytolocical exam- 
ination of the offspring are also given. 


SAMENVATTING 
Het verkrijgen van polyploiden door colchicinebehandeling 


Schrijfster geeft een overzicht van de gebruikte methoden bij colchinebehandeling 
van rode klaver, bastaardklaver, stoppelknol, spinazie, sla en winterrogge. 
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1. INTRODUCTION 


A striking variability in physiological and morphological characters occurs in 
many grass species of importance in grasslands cultivation. 

As early as 1912, Wrirre (12) reported the multiformity of timothy, cocksfoot, 
meadow fescue and tall oat grass. He not only found early and late forms in these 
species, but also observed differences in tillering, leaf position, leafiness and size, 
number and growth direction of the culms. Susceptibility to rust also appeared to 
vary, while in a later publication (13) he reported differences in drought resistance 
and persistency. 

HESSING (5) investigated the variability in the ryegrasses and established three 
main types in his material, viz. V-shaped, U-shaped and prostrate plants. There were 
also many intermediate forms. 

GREGOR and SANSOME (4), in the case of timothy, classified the plants according 
to growth-form and arranged them into the following division: 


l. Prostrate: Stems prostrate, panicles lying on, or slightly raised above the ground. 

2. Decumbent: Stems decumbent, only distal internodes erect or ascending. 

3. Ascending: Peripheral stems decumbent-ascending, central stems sharply ascending 
but not truly erect. 

4. Erect: Stems perpendicular, except for lower internodes of peripheral stems. 


The classification of cocksfoot into 6 types by STAPLEDON (11) presented some 
more details, but we can find the same trend in his work. It therefore appears to be 
possible to distinguish a similar range of growth-types in many species. 

Where the differences in growth rhythm are marked, a classification into hay and 
pasture types is possible. The hay type is characterized by rapid spring growth, 
early and profuse stem formation, but by few vegetative tillers. The pasture type 
produces more non-flowering tillers than the hay type and is therefore leafier. It 
starts active growth later in spring, but produces more as the season advances. The 
pasture type makes a good sward on account of its dense vegetative growth. A re- 
munerative seed production is not so easy to attain, however, from such forms. 

The types cannot always be sharply defined. The above-mentioned growth-forms 
may be present among predominantly hay and pasture groups, although the ascend- 
ent forms are most frequent in the hay group. 

The great variation found within species undoubtedly presents the grassbreeder 
with great opportunities for selection. In order to make an adequate choice, he should, 
however, not only be acquainted with these forms, but also have awareness of their 
likely response to the conditions under which the strains built up from them will 
be exposed in practice. Not only is grassland laid out on widely differing types of 
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soil, but its management is also an important feature. Hay-making and grazing make 
very different demands on the plants and the breeder should understand the relation 
between management and plant-type. This relation can be investigated by breeding 
relatively uniform strains of the principal growth forms and by exposing them to 
different systems of treatment. 

Another possibility is to ascertain the influence of management on the type of 
plant in the sward of existing pastures. Both methods are used at the S.V.P. (Foun- 
dation for Agricultural Plant Breeding), but only the last-mentioned method will be 
discussed here. 


2. REVIEW OF LITERATURE 


GREGOR and SANSOME (3), working with perennial ryegrass and cocksfoot on 
heavily grazed fields, observed only prostrate types. Transplanting to the trial-field 
did not alter their appearance. After intercrossing, more or less uniform populations 
emerged. However, not all plants appeared to be homozygous for the character 
mentioned. The same workers (4) also collected timothy seed from various habitats 
in England and Scotland. They found two main types which they indicated as the 
“American” type and the “British wild” type. The former type was comprised of 
ascendent plants with’ comparatively few tillers, but the latter consisted of multi- 
tillering, low-growing plants which were especially encountered in old grazed pastures. 
These were diploid, whereas the “American” type was hexaploid. They found erect, 
semi-erect and prostrate plants within both groups, although the extremely prostrate 
plants were lacking in the first group, and the second group did not contain very 
erect plants. 

JENKIN (7) divides the “American” type of GREGOR and SANSOME further into a hay 
type, which is lax, stemmy and with few tillers, and into a semi-hay type with more 
tillers, which is somewhat later flowering and is more resistant to grazing. He never 
found the true hay type in the wild state as he did the semi-hay type. 

STAPLEDON (11) collected plants from different habitats such as leys, old pastures 
and waste-places. The leys produced early and rapidly growing plants of a lax hay- 
type, whereas the old pastures consisted of populations of densily leaved, late and 
low-growing plants. Those from waste-places and also some fifty plants obtained 
from haylands held an intermediate position, containing all sorts of types. 

JONKER (8), in the Netherlands, explored thoroughly the distribution of forms 
of perennial ryegrass. He collected rooted tillers from a large number of fields and 
studied over a period of years the plants derived from them. Populations from mead- 
ows were more homogeneous in respect of time of ear emergence and headed 
earlier than those from pastures. Meadows cut very early in the season resembled 
true pastures more, however. A grouping according to soil and management likewise 
yielded interesting results. Though in this case the number of plants of each group 
was too small to establish reliable differences, the results strongly suggested that 
true pastures on silt and peaty soils consist largely of prostrate plants, and meadows 
are preponderantly made up of erect plants. 

REBISCHUNG (10), in France, investigated a number of cocksfoot sources. He also 
found that late types are more resistant to grazing. His further conclusion was quite 
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different from that of the other workers. In grazed areas and in shaded places he 
came across an abundance of erect and semi-erect plants, while in meadows the 
prostrate plants were dominating. This is also contrary to the data obtained by 
CHOPINET and DUJARDIN (2), who published the results of a similar investigation 
almost simultaneously. They investigated a number of populations, but found that 
the French natural pastures contained much more prostrate cocksfoot plants than 
the meadows, which produced largely erect plants. 

REBISCHUNG explains his results by assuming that the prostrate type is more an 
adaptation to an open, light environment and drought conditions than to con- 
tinual grazing. The prostrate plants would be encountered in the open sward which 
arises as a result of continual hay-making, whereas the erect types would dominate 
in shady places and in the dense sward of true pastures, where no marked drought 
period occurs as in the case of hay fields immediately after taking a hay crop. This 
explanation deviates from the assumption of most investigators who suppose that 
late, prostrate plants stand up well to repeated defoliation by the grazing of animal, 
owing to the recuperative capacity of their more numerous vegetative tillers. The 
early and erect plants are less adapted to this practice, but where they can develop 
undisturbed, as is possible in the meadows, they suppress the low-growing prostrate 
plants by competing more successfully for light and space. 


3. MATERIALS AND METHODS 


Populations of timothy and cocksfoot were collected in different parts of the 
country, during 1950 and 1951, by taking about 50 rooted tillers from within the 
sward at regular distances. We prefer the collection of rooted tillers because the plant 
can then be exploited in any stage, and collection is also possible in short-grazed 
pastures. Moreover, the plant itself is tested, whereas on collecting seeds only the 
progeny of the plants in the field is assessed. 

In the autumn of 1951, all plants were reduced to the same size and planted in a 
nursery at 50 X 40 cm distances apart. A number of plants died later as a conse- 
quence of drought during transplanting, so that the initial material decreased and 
was less extensive than had at first been aimed. 

In 1952 and 1953, notes were taken of the agronomic properties such as growth 
rhythm, production, leafiness, susceptibility to diseases, response to climatic factors, 
etc. Twice a week the plants which had headed, were noted, taking as emergence date 
the day on which three inflorescences had appeared as was done by JENKIN (6). A 
week after heading the habit of the plant was assessed. Four catagories were estab- 
lished, viz. very prostrate, prostrate, fairly erect and erect, designated by 1-4, 
respectively. 

In order to ascertain the influence of management on plant-type it is necessary to 
examine fields in which the management has been consistent. This condition was 
not realized in all the fields sampled. 


According to their management, the Dutch grassland can be grouped as follows: 


|. Haylands: Fields which are never grazed; the grass is harvested as hay in one or 
two cuts. Only 2% of the Dutch grasslands are treated in this way. 


85 


G.E. VAN DIJK 


2. Meadows: Fields which are mown for hay every year, with aftermath grazing, 
sometimes also with pre-grazing. Some 26% of our grasslands are managed as 
meadows. 


3. True pastures: Fields which are only grazed; 46% of the Dutch grasslands are 
exploited in this way. 


4. Alternate pastures: These comprise a group (26%), the management of which is 
not sharply defined. The fields in some years are wholly grazed, but in others they 
are reserved for hay. 


4. RESULTS OBTAINED 


a. Timothy 


Timothy has always been a valued species which is sown for leys as well as for 
permanent pastures. In our permanent pastures timothy is adapted to grazing and 
a somewhat moist soil (9). It is only since 1951 that a Dutch hay-type strain has been 
available and so it could not have influenced the fields under investigation. A pasture 
type was introduced as early as 1935, but only a little seed of this type was available. 
The investigated fields might, however, have been sown with seeds imported from 
Denmark, Sweden, Finland and America, in so far as timothy was sown at all. It 
is also possible that use may sometimes have been made of hay seeds. 

Plants from 150 fields were investigated. Although it is not difficult to observe a 
range of types within the timothy populations, yet old fields do exhibit some uni- 
formity; some populations even appear to produce plants almost exclusively of one 
type. The difference in time of development between the hay and pasture type is 
great, the extremes deviating 7 weeks in date of ear emergence. 


TABLE |. TIME OF EAR FORMATION OF TIMOTHY POPULATIONS 


Percentage of plants with inflorescences 
Number of plants emerged in period 
26/5 to 6/6 \ 7/6to 19/6 | 20/6 to 14/7 
Ommpottedistramnssn nnn 421 99,5 — 0.5 
Fields 1-20 years old 5 181 9% 0.5 SS) 
Fields 21-30 years old. . . . 226 23 2 5 
Fields over 30 years old . . . 4223 l 25 9%6.5 


From this table it appears that pastures under 21 years of age consist almost 
entirely of hay types. These plants head earlier and over a shorter period than the 
population from old grasslands. Only 1 % of this type occurs in fields which are over 
30 years old. Though the observations for the young pastures were made from a 
relatively small number of plants, the difference in plant type is so general and 
evident, that it can be considered to be reliable. 

The resemblance of these plants to those from the imported strains is most marked. 
The fields of the group 21-30 years form an intermediate stage. Some of them en- 
tirely resemble the young pastures, others agree with the old ones, while some even 
produce a mixed population. 

Table 2 gives a summary of the growth habit figures. As already stated, 1 indi- 
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cates a very prostrate plant, 4 a very erect plant, while 2 and 3 indicate the inter- 
mediate forms. 


TABLE 2. TIMOTHY. GROWTH HABIT FORMS IN % 


Growth habit types 
Number 
of plants E a EF S \ 5 
Prostrate rd ed Erect 
| prostrate | erect 
9 imported strains ; 420 0 32 53.5 14.5 
Fields 1-20 years old 181 0.5 26.5 55 18 
Fields 21-30 years old 226 D 58 36 4 
Fields over 30 years old . 4223 4 61 33 2 


The difference between old and young fields on the one hand and the similarity 
between the foreign varieties and the young fields on the other is again striking. 


It is quite clear that the plants from young fields are more erect than those from the 
old ones. 


Fig. 1. TIMOTHY. LEFT: PLANTS FROM A 1 2-YEAR OLD FIELD. 
RIGHT: PLANTS FROM AN OLD MEADOW 


In our opinion, the type we know as a hay type, was introduced from elsewhere, 
as it only makes up 1 per cent of the types in our old pastures. The plants from old 
fields head about a month later, are leafier and less erect. Only one old meadow on 
the forelands of the river Meuse consisted of intermediate plants. Whereas the young 
populations headed in the period from 26 May to 6 June and the old grasslands from 
20 June to 14 July (Table 1) 70% of the plants of this meadow came into ear between 
6 and 20 July. The appearance of the plants was also that of an intermediate type. 
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If these plants have not been brought down as seed by the river, it may be a native 
hay-type. Investigation into this question is being continued. 

While the age of the grassland is an important factor, there is yet another question 
of how far the management has had a selective influence. In order to solve this prob- 
lem, the extensive material from fields of over 30 years of age has been grouped 
according to management (Table 3). Only 2 haylands were sampled which have been 
added to the meadows in this survey. For date of heading we did not take the cal- 
endar date; the first date of observation is indicated by 1, the next by 2, etc, every 
following date being half a week later. 


TABLE 3. TIMOTHY. DATE OF HEADING AND HABIT-TYPE ARRANGED ACCORDING TO MANAGEMENT 


Habit-type in % 
Nurmbet Average 
of plants Gie L 4 3 5 
heading | Prostrate Fairly Fairly Erect 
prostrate erect 
DEUerDASLULES re 1685 10.7 3 62.5 33 185) 
Alternate pastures . . . 1365 10.6 6 59 33 2) 
Meadows se 1173 10.0 2 64 82 2 


The distribution for habit-type is practically the same for the three methods of 
management. The average time of heading shows some variation, but the differences 
are not significant. The data in Table 3 indicate that management has had sur- 
prisingly little influence on time of heading and growth-habit type. Nor was it pos- 
sible to establish significant differences from a sub-division of the data according to 
province or soil. 

Though the figures on diseases are not considered, it is worth mentioning that 
choke (Epichloë typhina) appears to be fairly extensively distributed in timothy. 
Many populations, especially those from old grasslands on heavy soils, produced 
diseased plants. From a later investigation it appeared that plants from some fore- 
lands of the river Meuse are heavily infested. Only a few affected plants were found 
in the cocksfoot material. The symptoms are conspicuous. An attacked plant looks 
healthy at first, but as soon as stem formation commences, a white felt of mycelium 
appears on the stem. It constricts the culm and prevents the inflorescence from 
emerging. The diseased plant forms only a few isolated inflorescences or none at all 
and has no value for seed production. 


b. Cocksfoot 


Cocksfoot is an early and somewhat coarse but vigorous grass species. In Holland 
it prefers dry calcareous soils, but seems to be different to type of management (8). 
Its rapid regrowth, combined with some drought resistance enables it to give a high 
and well distributed production. It tends to suppress the other components in a 
mixture and, as it rapidly deteriorates in quality after flowering, the cocksfoot plants 
are despised by the grazing animal, especially when the pasture is carelessly managed. 
These properties have diminished the appreciation of cocksfoot in permanent pastures. 
Later on it came to be realized, however, that in leys on dry soils its good productivity 
can be used to advantage. 
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A Dutch strain has been available since 1930, and more Dutch strains have been 
introduced subsequent to 1950. Until recently the home production of cocksfoot seed 
has not been very important, so that the influence of the home-bred variety on the 
young pastures investigated will have been slight. Most seed is imported, especially 
from Denmark, while seed is also collected from plants in the wild state. 

The S.V.P.-collection was derived from about 80 grassland areas scattered throughout 
the country. Heading dates of extreme plants diverge by about 5 weeks; the interval 
being shorter for the majority of the plants, however. Plants with great differences - 
in spring production sometimes deviate but little in panicle-emergence. Apart from 
this, cocksfoot shows great variability and its populations are very heterogeneous. 
Part of this material was previously investigated by ENNIK (1), who concluded in his 
report that the variation within a population and the differences between populations 
are of the same size. In most cases this fits in with our results, though some fields are 
different from the rest. Some young grasslands produce early heading, erect and 
stemmy plants, while on the other hand some very old pastures solely consist of late 
and leafy plants. On summarizing the various groups, however, only little can be 
concluded from the figures obtained. The Table below contains some data on young 
and old pastures. 


TABLE 4. COCKSFOOT. AVERAGE TIME OF HEADING AND GROWTH-HABIT TYPE OF PLANTS FROM FIELDS 
ARRANGED ACCORDING TO AGE 


| 5 Habit-type in % 
verage 
Age of fields B time of 1 2 3 4 
7 heading | Prostrate Fairly Fairly Erect 

prostrate erect 
1-30 years | 698 6.5 2 34 56 8 
Over 30 years 2748 6.9 4 50 | 45 l 
1-10 years 216 6.7 0.5 38 | 555 8 
11-20 years 355 6.5 3 32 | 58 q 
21-30 years | 127 6.3 0 82 | 56 12 


The plants from young fields head on an average 1} day before those from the old 
ones, a difference which is not significant. Classification according to age under 
30 years shows no effective differences in date of panicle-emergence, but the habit 
figures showed some differences. For example in the group 1-30 years we found 64 % 
erect plants (habit-type 3 and 4), but it was only 46% in plants from swards over 
30 years old. A sub-division of the fields under 30 years brought out no marked 
differences. It is obvious that the small number of plants admits of rather great 
fluctuations, while relatively the populations diverge greatly. Out of five fields be- 
longing to the group 1-10 years, the plants from two are evidently later and more 
prostrate than those from the remaining three. 

In order to demonstrate that in certain cases the difference in plant type between 
young and old pastures can be much greater than appears from the average figures, 
we have prepared Table 5 below. Plants from young fields are compared with plants 
from three very uniform pastures, one of them being 60 years, the other two 100 
years old. Danish commercial seeds have also been included. Heading time of Danish 
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commercial plants agrees with that of the plants from young fields, the former being 
more erect, however. The plants from the old fields are much later in panicle-emer- 
gence and more prostrate in growth form. 


TABLE $. COCKSFOOT. TIME OF HEADING AND GROWTH-HABIT TYPE OF PLANTS FROM YOUNG FIELDS, 
DANISH COMMERCIAL AND SOME VERY OLD PASTURES 


Ereen oee ESTE Growth-habit-type in % 
Neben 
fo) 
lant 1/5 13/5 2315 1 2 3 4 
Rae to to to Prostrate| Fairly Fairly Erect 
12/5 22/5 29/5 prostr. erect 

Danish commercial 50 14 84 2 8 58 34 
Fields 1-30 years 698 18 78 4 2 34 56 8 
‘Three old pastures 94 ZEN RS 2225 4 75 21 


The influence of the management on the plants in the sward has also been investi- 
gated. Although the true pastures head somewhat later than the alternate pastures 
and the meadows, the figures do not exhibit appreciable differences. This is also the 
case with the growth-habit type figures. The plants from meadows are somewhat 
more prostrate. It follows that management exerts little influence on growth-habit 
type and heading time. 


TABLE 6. COCKSFOOT. TIME OF HEADING AND GROWTH-HABIT TYPE ARRANGED ACCORDING TO 


MANAGEMENT 
| ze | Habit-type in % 
verage 
Management Aa | timeof | l ) 3 4 
in heading | Prostrate Fairly Fairly Erect 
prostrate erect 
MMO IDOSUIES … eo 5 a « 828 7.0 535) 50 45.5 l 
Alternate pastures .. . 1199 6.8 4 47.5 46.5 2) 
Meadows 721 7.0 830 54 42 0.5 


5. DISCUSSION 


From the investigation of the plant populations from 150 grasslands in the Nether- 
lands it appears that the endemic timothy belongs to the pasture type. It is clearly 
distinct from the early type obtained from commercial seed, and which we also 
encounter in young grasslands. This fits in exactly with the experience of GREGOR 
and SANSOME (4) who have classified timothy into two catagories: a “British wild” 
and an “American” type. The British wild pasture type, however, is diploid, ours are 
hexaploid. There is also some agreement with the results of JONKER (8) who estab- 
lished in perennial ryegrass that young grasslands come earlier and quicker into ear 
than old ones. The hay type of perennial ryegrass is not unknown in old grasslands. 
The Dutch pasture type of timothy can apparently maintain itself under a system of 
cutting for hay and subsequent grazing every year (conditions otherwise being 
favourable), although its contribution to the sward decreases when it is often cut 
for hay (9). It is possible that a less extreme hay type is developed in haylands in 


90 


TYPE OF TIMOTHY AND COCKSFOOT PLANTS 


which no grazing at all is allowed than is found in plants derived from imported 
commercial seeds. As such a type may be of interest for ley farming, this possibility 
is being explored in more details. 

In cocksfoot the difference between commercial seed and plants from old grass- 
lands is not nearly so great as in timothy. The fact that young fields deviate less, 
agrees with this statement. With respect to the former species, the difference lies 
more in the fact that the populations from young grasslands have a more erect growth 
habit. This fits in with findings reported in the literature. 

There is no agreement in the literature as to the relation between the types of 
cocksfoot plants found and the management of the fields from which they came. 
Such a relationship could not be established from our data. The demonstration of a 
correlation of this kind is perhaps not very probable because all cocksfoot plants 
in a field are grazed equally only when the management is good enough to ensure 
close grazing. GREGOR and SANSOME (3) collected their material from places which 
were closely grazed by sheep and rabbits. This management is therefore far more 
extreme than that of normally grazed fields. 

It is obvious from the above that there is not such a clear correlation between 
plant type and management for timothy and cocksfoot as was demonstrated for 
perennial ryegrass (8). The explanation of this difference in behaviour is still un- 
known. 

There is further the question of the implications of the data obtained in the selec- 
tion and use of such grass plants in a breeding programme. In general it can be stated 
that there are fields which are outstanding as a source of breeding material. Of 
course some good plants can be found on almost any habitat, but the percentage of 
superior plants derived from some fields is well above the average for the swards 
investigated. 

In the Netherlands, timothy is sown for both hay and pasture. It appears that the 
foreign hay types can maintain themselves a fairly long time, therefore a rigorous 
selection in foreign material eventually derived from leys, where it has been pre- 
selected for some years, may be successful. It is, however, also important to investigate 
whether the less extreme hay types which occur in some old meadows may not be 
better adapted to our conditions and needs. 

Our old grasslands offer an abundance of material of the pasture type. It does not 
seem necessary that pasture strains should be restricted to those with extremely late 
and prostrate plants. As timothy is essentially a late species, the quicker growing 
more erect types may have much to commend them. A comparison of the preliminary 
results of trial selections of the S.V.P. confirm this impression. 

Cocksfoot is only sown for leys in this country. Late heading and leafy plants are 
desired for this purpose and the Dutch varieties are adapted to these requirements. 
Suitable types occur profusely in some old grasslands. It is, however, very desirable 
to ascertain what can be attained with types of a more rapid spring development. 
This should be possible since early production and fairly late heading were combined 
in many of the plants extracted from the swards sampled. 


91 


G. E. VAN DIK 
SUMMARY 


Cocksfoot and timothy were collected from a number of Dutch grasslands. The 
populations obtained in this way were investigated to see whether there might be a 
correlation between age and management of the fields, and heading time and growth- 
habit type of the plants in them. It appeared that old grasslands contain a type of 
timothy quite different from that of young grasslands, the plants of which closely 
resembled the hay types from commercial strains. Such extreme hay types were not 
encountered in old grasslands. One old meadow developed intermediate types which 
collectively might be considered to represent an indigenous hay form. 

The difference between old and young grasslands was less clear in the case of 
cocksfoot; the populations from young pastures had rather more plants with slightly 
more erect growth-habit. 

An evident influence of management on the plant type, as was found in perennial 
ryegrass from Dutch grasslands by JONKER (8), could not be established in the case 
of cocksfoot and timothy. f 

Choke (Epichloë typhina) appears to be a fairly extensively distributed disease in 
timothy, especially along the borders of the large rivers of the Netherlands.) 


SAMENVATTING 


De invloed van ouderdom en de gebruikswijze op timothee en kropaar 
in Nederlandse graslanden 


Uit een aantal Nederlandse gebruikspercelen, werd timothee en kropaar verzameld. 
Aan de aldus verkregen populaties werd nagegaan of er een verband bestaat tussen 
de ouderdom en gebruikswijze van de percelen en de schiettijd en habitus van de 
planten. 

Het bleek dat de oude percelen een geheel ander type timothee bevatten dan de 
‘onge graslanden, welker planten sterke gelijkenis vertoonden met hooitypen uit 
handelszaad. Dergelijke extreme hooitypen werden in oude graslanden niet gevon- 
den. Een oud hooiland leverde intermediaire typen, die misschien als inlands hooi- 
type beschouwd mogen worden. 

Bij kropaar was het verschil tussen oude en jonge percelen minder duidelijk; de 
populaties uit jonge weilanden waren wat steiler. 

Een duidelijke invloed van de gebruikswijze op het planttype werd niet gevonden, 
zulks in tegenstelling tot Engels raaigras, waarvoor dit verband in Nederland wel is 
aangetoond. 

Grastopverstikker (Epichloë typhina) blijkt een vrij sterk verbreide ziekte te zijn 
in timothee, vooral langs de grote rivieren. 
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BRUYNE, A. S. DE, Conclusie, Veredelingsdag Fruitgewassen 1954 (Conclusions 
on the Breeding Day for Fruit Crops 1954. Instituut voor de Veredeling van Tuin- 
bouwgewassen, Wageningen, Mededeling 59 (1954): 36-39. 


The Institute of Horticultural Plant Breeding at Wageningen undertakes research 
on home-grown and foreign varieties of apples suitable for Dutch conditions. 

New early varieties of promise are Tydeman’s Early Worcester, Stark Earliest 
and Close, while equally promising later varieties are Spartan, Franklin, Pomme 
Rosa, Melrose, Ingrid Marie, Sunset, Prof. Sprenger-appel, Cortland, Fyan and 
Medina. In addition to those mentioned by name are several seedlings from the Horti- 
cultural Laboratory of Wageningen University. 

A severe nightfrost on 10 May 1953 gave an opportunity of making observations 
on varietal differences in resistance to low temperature damage. A large number of 
varieties are also being tested for resistance to scab. 

In addition to the selection from existing varieties the Institute carries out its own 
breeding programme. 

In order to introduce scab-resistance use is being made of the variety Antonowka 
(also non-susceptible to Phytophthora cactorum), while treatments with colchicine of 
scab-resistant Malus species are in progress. By doubling chromosomes it is aimed 
to counteract the small fruit tendency. It is intended to cross the resulting forms with 
cultivated varieties that have in the meantime been made tetraploid themselves. 

Northern Spy is used as a parent in the hope of obtaining cultivated varieties which 
are resistant tot woolly aphis. 

Selection for keeping and processing qualities will be carried out in collaboration 
with the Institute for Research on Storage and Processing of Horticultural Produce. 


DANTUMA, G., Het sterk optreden van ziekten tijdens de rijping van tarwe in 
1954 (The heavy attack of diseases during the ripening of wheat in 1954). Technisch 
Bericht Stichting CoCoBro 7, 1954, 16 pp. 


From the occurrence of Septoria nodorum in the Netherlands in 1954, the following 
conclusions can be drawn: 

Great differences in susceptibility exist between the various varieties and lines. 
Absolutely resistent varieties do not exist, as far as is known. 

Although no exact figures can be given of the damage caused by the occurrence Nl 
Septoria nodorum, it may be supposed that this can amount to 30-40 per cent, i 
serious cases. 

As no control method of Septoria nodorum is known (and as soon as one has been 
found, it is questionable whether this protection can be carried out economically) the 
wheat breeders will have to pay the necessary attention to this disease. 

Differences in susceptibility between varieties and lines afford a direct indication 
to the breeder, especially in a year like 1954. There is a great danger, however, in the 
fact that a heavy attack of Septoria occurs only once in about five years, so that in 
most years there are no or insufficient possibilities for selection. 

As long as there is no more known on the disease response of much used parents, 
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the breeders run the risk that, for the sake of some certain properties, they make 
erosses which later appear to exert a detrimental influence on their breeding material 
and particularly by a higher susceptibility to Septoria nodorum. 

Designing an inoculation method to evaluate the susceptibility of varieties and lines 
to the principal “ripening diseases” such as Septoria nodorum and Fusarium (species 
of which also cause much damage and trouble) should be considered of great impor- 
tance. 


LACKAMP, J. W., Plantenveredeling ten behoeve van droge gronden (Plant 
Breeding for dry soils). Landbouwk. Tijdschrift 66 (1954): 605-612. 


It is estimated that 30 % of the arable sandy soils in the Netherlands suffers from 
shortage of water. Only rye, potatoes and oats are cultivated on such soils. The heavy 
clay soils of the Dutch river region are also often lacking in water and in the south- 
eastern part of the country the moisture holding capacity could be better too. 

It is important to find crops or varieties which are not so susceptible to drought. 
When the farmer of the mixed holdings suffers losses in the production of fodder, the 
damage is not limited to reduction in yield, because he has to sell cattle on a most 
unfavourable market. 

Combining drought resistance and productivity would be a highly desirable ob- 
jective. The speaker expects little success from the breeding of productive varieties 
with a growth rhythm such that they escape drought. The Dutch climate is too 
unreliable. 

For the breeder it is significant to know whether drought resistance is due to toler- 
ance or whether the crop likes drought. In the first case he has a reasonable chance 
of breeding drought resistant varieties with a high yielding capacity. 

Investigations in different countries led to the conclusion that there are drought 
tolerant but no drought liking plants. Moreover, a distinction should be made be- 
tween resistance to drought of the soil and drought of the atmosphere, both of which 
can occur independently. The oat varieties Zege (Victory) and Gouden Regen (Golden 
rain) have been derived from the little drought resistant Probsteier group cf oats. 
Drought resistance and high yield are combined in the Russian wheat varieties 
Lutescens 0 36 and Milturum C 409. 

Kerrer selected drought resistant cocksfoot for an efficient use of water and a 
higher production. Drought resistance has succesfully been introduced in maize and 
drought resistant types which combine a high productivity and a rapid recovery 
(re-growth) have been found in perennial ryegrass. 

So there are sufficient indications to encourage Dutch breeders to aim at the crea- 
tion of varieties suitable for our arid soils and which thrive equally well when there is 
no dry period. In order to test the selections it is recommended that replicated trials 
of highly promising families or lines are carried out on both good and on dry soils. 

It is not so easy to ascertain drought resistance by artificial methods. The method 
of TIMOPHEEVA is based on the property of the cell plasm to resist extraction of water. 
The germinating plants are kept in a sugar solution for 6 days at the same temper- 
ature and afterwards dried on sand. The percentage of surviving plants is then 
established. 
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Breeding for drought resistance has already been initiated in the Netherlands. For 
instance, in potatoes great differences in heien resistance have already been in- 
troduced. 

The Breeding Station C.I.V., situated in the province of Limburg, is now paying 
special attention to the breeding of drought resistant varieties suitable for Dutch 
conditions. 


Wir, F., De perspectieven van chromosomenverdubbeling voor de veredeling 
van raaigrassen en rode klaver (The prospects of chromosome doubling for the im- 
provement of ryegrasses and red clover). Landbouwk. Tijdschrift 66 (1954): 533-536. 


The improvement of red clover and ryegrasses by polyploidy lately forms part of 
the working programme of the Foundation for Agricultural Plant Breeding (S.V.P.) 

In the case of red clover, the Dutch local strains were taken as starting material. 
Seeds were harvested from the first 250 tetraploid plants in 1952. Although the yield 
of seed varied, 12,5 % of the plants produced more seed then could be expected of 
diploid plants under similar conditions. 

In 1953 and 1954, tetraploid families from “Roosendaalse” and “Groninger” red 
clover were compared with the original local varieties in a field trial. Out of 21 fam- 
ilies, 7 were superior to the diploid strain in all properties investigated; 6 of these 
were derived from mother plants with a high seed production. Selection is being, 
continued and prospects look favourable. - 

In the last four years, a great many genotypes of perennial, Italian and Wester- 
wolths ryegrass have been doubled. Clones were made of the most promising plants. 
Among other things, it could be established with Italian ryegrass that tetraploid va- 
rieties can be bred which are more winter-hardy than the existing varieties. 

Chromosome doubling seems to be a good line of work for the improvement of 
Dutch strains of ryegrass and red clover. 


ERRATUM 


On p. 214 of the preceding number of Euphytica (Vol. 3, 1954, nr 3) an error has 
crept in Table |. The percentages for the peas are 100 and 0, respectively. Please 
correct 25 into 0. 
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PLANT BREEDING ABSTRACTS 


Plant Breeding Abstracts is a quarterly journal containing abstracts of current literature 
throughout the world. All publications having a direct or indirect bearing on the breeding 
of economic plants are mentioned. A large section is also devoted to the genetics of micro- 
organisms such as fungi, bacteria and viruses. 

A special feature of Plant Breeding Abstracts is that works published in the more unfamiliar 
languages are abstracted extensively, so that readers are able, for instance, to follow the 
contributions of Japanese investigators to genetical and cytological theory, and to the 
improvement of special crops such as rice; and more controversial issues such as the 
recent discussions on genetics in the Soviet Union. During the last two years abstracts, in 
English, of articles written in some thirty different languages have been published. 
Readers are kept up to date concerning recent developments by two further sections: 
Book Reviews, and New Journals. 

An author and classified subject index are included in the subscription price for each volume. 
Plant Breeding Abstracts is produced and edited by the Commonwealth Bureau of Plant 
Breeding and Genetics, School of Agriculture, Cambridge, England on behalf of the 
Commonwealth Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Subscription rates are 60 s. per volume (with subject index), less 20% to subscribers 
in the British Commonwealth (other than recognized booksellers) who send their sub- 
scriptions direct. Orders may be placed through booksellers or sent to: 


Commonwealth Agricultural Bureaux, Farnham Royal, 
Central Sales Branch, nr. Slough, 
Farnham House, BUCKS, England. 


Netherlands Journal of Agricultural Science 


Quarterly Journal edited by: 
NEDERLANDS GENOOTSCHAP VOOR LANDBOUWWETENSCHAP 


Some papers published in Volume II (1954) or forthcoming in Volume HI (1955): 


Basic features essential to'an effective advisory service in farm management. 
The analysis and interpretation of aerial photographs in soil survey and land 
classification. 

Tile drainage in the Netherlands. 

The Mentek disease of lowland rice in Indonesia. 

Research into the feeding value of roughage. 

Evapotranspiration. 

Examination of soils and crops after the inundation of Ist February, 1953. 
Some remarks about the soils of the alluvial plain of Iraq, south of Baghdad. 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 


The journal is issued four times a year in annual volumes of about 300 pages. 


All inquiries regarding the journal and requests for specimen copies should be addressed to: 
Dr J. ADOLPHINA FRAHM, Postbox 27, Wageningen, Holland 
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